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Lesson One 


Scientists were interested in studying the atomic stru 


© Heisenberg. Ө Pauli. © Schrédinger. © Bohr. 
© De Broglie. © Einstein. @ Planck. 
Long time ago man wondered about the nature of matter and its structure ?! 


Through the trials done by the scientists to answer this question across different eras, 
the concept of the atomic structure is evolved (developed). 


In the following, the historical evolution of atomic structure concept will be discussed: 
Democritus's idea. BD Aristotle" 5 idea. 

ide [4 | Dalton's model of the atom. 
on's model of the atom. PA Rutherford's model of the atom. 


model of the atom (EQ The modern atomic theory. 
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ü Democritus’s (Greek philosopher) idea ; 
; ^ kem 
LS 


{ He imagined the possibility of dividing any piece of matter to smaller 
parts, then dividing those parts into smaller particles and so on, until 
an indivisible (indestructible) fragment is obtained, he named it an 1011 


E) —4f — 


(Note ;— 


Gold alloy Gold pieces Gold dust atom in the Greek language 
is a word of two sections : 
e а means по. 
tom means divide. 
Democritus's atomic concept Gold atom * E ical ЗЕР 


[2] Aristotle's idea (4! Century. B.C) 


i » He rejected the former concept of the 
atom and believed that matter - 
whatever its nature - is composed of 


four components, which are 


water, air, dust and fire. Fire 


: e It was believed that cheap metals as iron 
oor copper can be changed into precious 
ones as gold by changing the proportions 
: ofthese four constituents. Air 
: ө This illogical idea had blocked 
the development in chemistry science 
for more than thousand years .. GR. ? 
Because the scientists were busy trying to Dust 


change cheap metals into precious ones. Aristotle's atomic concept 


(а Boyle's idea (1661) 


i The Irish scientist Boyle rejected Aristotle’s idea about the nature of 
i matter and gave the first definition of the element. 
; Element is a pure simple substance that can’t be changed to simpler 
Boyle 


į forms by the traditional chemical methods. 
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Q Dalton’s model of the atom (1803) 


3 The English scientist John Dalton stated the first theory about the atomic 


i structure. 


The main postulates of Dalton's atomic theory 


i. © The element is composed of very minute particles, named atoms. 
: Ө The atom is a very minute indivisible solid particle. 


: Ө Masses of atoms of the same element are similar, but they 


differ from one element to another. 


: о The compounds аге formed by the combination of atoms Dalton's atom 


В К" = " (solid, indivisible 
of different elements in simple numerical ratios. i 


М Test Yourself 


The opposite figure represents one of 


the postulates of an atomic theory that 
you have studied, these balls represent 
the atoms of two different elements. 
Whose theory is this ? 

Dalton. 

(b) Democritus. 

© Aristotle. 

@ Boyle. 

Idea of answering : 


It is shown in the figure that the masses of the atoms of the same elements are 
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a Thomson's model of the atom (1897) 


i The scientist Thomson carried out many experiments on the electric 
і discharge through gases, from which he had discovered the cathode rays. 


i Discovery of cathode rays (1897) : 
i o It was known that gases do not conduct electricity under normal а 
i conditions of pressure and temperature. 
} e However, gases conduct electricity in a discharge tube whose two electrodes 
: are connected to an electric source with a suitable potential difference 

between its electrodes and under very low pressure. 


i o If the potential difference between the two High ju 
22 


electrodes of the discharge glass tube increases to 
about 10000 volts, a stream of invisible rays will be 
emitted from the cathode (the negative electrode), 
causing a fluorescent glow on hitting the tube wall. 
These rays were named "cathode rays". 


Cathode rays 


Gas under very low pressure 


: Cathode rays are streams of invisible rays бно чаа 
} emitted from the cathode of a discharge tube in Generating cathode rays 

i which the pressure of the gas is very low and 

: the potential difference between the two 

electrodes is about 10000 volts. 

і ө It was later known that these rays are composed of minute particles named "electrons". 


Properties of cathode rays : Cathode rays 


@ They are formed of very fine negatively charged Cathode 


particles with négligible masses (electrons). 2 Anode 
@ They move in straight lines. Move in straight lines 
6 They have a thermal effect. 
O They are affected by both electric and magnetic Charged metal plate 
fields. 
@ They do not vary with the nature of cathode material, | y 
or that of the used gas, this is a strong evidence that en н 


they аге a fundamental constituent of any matter. 


In the light of the electrical discharge experiment, Magne, s 
Thomson suggested a new atomic model. adu 
B 
Affected by magnetic field 


QoS ce) OW hs poll (9) 
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The postulate of Thomson's model 


He considered the atom as a solid sphere of uniform positive electric charges in which 


a number of negatively charged electrons is embedded to make the atom electric 


Sphere of 
positive charge — 


Thomson's model of atom 


Thomson's model of atom (solid) 


pS Test Yourself | 


Dalton and Thomson agreed on that carbon atom ............... 
@ has no spaces within it. 
(Б) is electrically neutral. 


resembles a watermelon 


©) contains negative electrons. 
(d) is a homogenous sphere. 


Answer : The correct choice is ............... 


a Rutherford's model of the atom (1911) 


: Rutherford's students Geiger and Marsden had performed his famous 


; laboratory experiment. 


Rutherford’s experiment 


The used tools : 


* A deep lead box containing a source of 


alpha particles inside it. 


2 G.R. zinc sulphide ZnS is used in 
detecting the invisible alpha particles. 


< As they glow (flash) at the positions 
è A very thin gold foil. where they collide with zinc sulphide. 


• A metal sheet lined with a layer of 
zinc sulphide 7п$ 
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The procedure : 

© The positive alpha particles (0) were allowed to collide with the metal sheet, 
where it was possible to define the location and the number of alpha particles 
by counting the flashes which appeared on the metal sheet. 


Ө A very thin gold foil was placed between the beam of alpha particles and the meia! пел. 


^ Back scattering 
of a very small | 


Deflection of 
E a small fraction 
== 


Path of alpha particles 
through an atom of gold 


Metal sheet Beam of 
ined with alpha rays 
zinc sulphide 


Lead box contains 
a source of alpha 
particles 


Rutherford's experiment 


» Rutherford recorded his observations and reached the following conclusions : 


Observations : | Explanations : | Conclusions : 
(1) The appearance of a large !* The penetration of 1* Most of the atomic volume 
number of flashes at the majority of a-particles is an empty space 
the same positions where through the gold foil (i.e. the atom is not a solid 
they appeared before without deflection. ball as proposed by Dalton 
placing the gold foil. and Thomson). 


Li LI 
LI 1 
1 |; 
Li 1 
1 1 
Li 1 
1 L 
Li 1 
(2) The appearance of some * A very small percentage of |* The atom contains a tiny 
flashes on the other side ! «particles did not penetrate! part of a very high density, 
of the metal foil (in front + the gold foil and reflected і and most of the atomic mass 
of the foil). ; (bounced) back. ! is concentrated in this part 
П 
1 ı (was named the nucleus). 
' 1 
‚* A small fraction of 1* The dense part of the atom 
і a-particles penetrated the foil! (where most of the atomic 
1 but were deflected from their ' mass is present) has a positive 
! 
! charge similar to that of 
i a-particles, so they were 
i repelled on approaching to 
4 this part (the nucleus). 


(3) The appearance of some 
flashes on both sides of 
the position where they 
appeared before and after 
placing the gold foil. 


path. 
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Based on his experiment and other else, Rutherford designed the first atomic mos»! 


on trial basis. 
The postulates of Rutherford’s atomic theory 
Q Atom: 


e It is an extremely small sized particle. Electrons У. 
\ 


e It has a complicated structure which resembles the solar 


system, since it’s composed of a central nucleus Nucleus 
(representing the sun), and the electrons revolve around it 7 


(representing the planets). 
Rutherford's atomic model 


Q Nucleus : 
e It is much smaller than the atom and most of the atomic mass 
is concentrated in it. 
• There is a vast space between the nucleus and the orbits of 
electrons (i.e. the atom is not solid). 
e It is positively charged. 
© Electrons : 
They have negligible mass compared to that of the nucleus. 
o Their charge is negative and equals the nuclear positive charge 
(i.e. the atom is electrically neutral). 
* They travel around the nucleus at a tremendous speed in special orbits, 
despite the mutual attraction between them and the nucleus. 


This attraction force is equal in quantity and opposite in direction to 
the centrifugal force resulting from their revolving around the nucleus. 


? G.R. The electron does not fall into the nucleus despite the attraction between 
them. 


Because the centrifugal force on the moving electron is equal in the magnitude (quantity) 
and opposite in direction to the attractive force between the nucleus and the electron. 


Drawback of Rutherford’s atomic model 


Rutherford’s theory had failed to explain the atomic structure .. G.R. ? 


Because it didn't explain the system in which electrons revolve around the nucleus. 
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[ФУ Worked'Example 


The opposite figure represents the path of Metal sheet 
a beam of a-particles between two metal m 


sheets in vacuum conditions. ары 


What happens to the reading of the sensitive  souceot — —  ., —— 
instrument upon charging the two metal q- particles "M sit 
sheets with different electrical charges ? 

@ It does not change. 

(b) It increases. 

© It decreases. 

(d) It increases for a period of time, then it returns to the initial reading. 


Idea of answering : — — — 


"2 Alpha particles are positively charged. 


Sensitis 
to det 
о. particles 


2. Upon charging each metal sheet with a different charge, alpha particles repel 
the positively charged metal sheet drifting away from the sensitive instrument, 


| 
| 


КУ rest ourset 


consequently its reading decreases. 


Answer : The correct choice is (c) 


Which of the following are not deflected by the effect of the charged plates ? 


(2) Cathode rays. © Alpha particles. 
(c) Protons. @ Hydrogen atoms. 
Idea of answering : 

"7 Cathode rays are ............... charged. 

г. The choice (a) is excluded. 

"7 Each of alpha particles and protons are ............... charged. 


7. The choices (b) and © are excluded. 


Answer : The correct choice is ............... 
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| Multiple choice questions (@) 


Aristotle's idea 


@ Who is the scientist who believed that matter is composed of water, 
dust, air and fire ? 


(4) Bohr. (b) Rutherford. (c) Dalton. @ Aristotle. 
The scientist who rejected the existence of atoms is ............... 
@Democritus. (6) Dalton. © Aristotle. @ Bohr. 
Dalton’s model of the atom 


What is the name of the scientist who was the first to give a theory about 
| the composition of the atom ? 
(3) Dalton. (Б) Rutherford. © Democritus. (4) Bohr. 
The scientist who hypothesized that the compounds are composed of certain 
^ elements combined in a simple numerical ratio is ............ 
@ Dalton. © Schrodinger. © Thomson. @ Bohr. 
Ej Each of the following is among Dalton’s theory postulates, except that ............... 
| | © atoms of the elements contain protons, neutrons and electrons. 
| (b) the masses of the atoms of the same element are similar. 
© the atom is indivisible. 
| @ each element is formed of tiny particles called atoms. 


[6] Which of the following examples agrees with Dalton's postulates ? 

The atoms which are found in a sample of chlorine resemble those which are found in 
a sample of sulphur. 

(b) The properties of the molecules of hydrogen and oxygen differ from their properties in 
water molecules. 

© Hydrogen can combine with oxygen to form water molecule in more than one 
numerical ratio. 


@ Atoms which form magnesium element are tiny. 


Га] 
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@ The ratio of the number of hydrogen atoms to that of sulphur atoms in hydrogen 
| sulphide molecule is 2:1, this is consistent with one of the postulates of 

(8) Thomson's theory. (Б) Rutherford's theory. 

© Bohr's theory. @ Dalton’s theory. 


£ Dalton concurred with Democritus in his idea that .............. 

@ the element has no atoms. 

(b) the compound is formed by the combination of its elements in constant ratios. 
© the atom contains a vast space. 


@ the atom is indivisible. 


Thomson’s model of the atom 


Which of the following cases is a gas that conducts electricity ? 
@ Hydrogen gas at normal conditions. 

@® Neon gas upon its decomposition. 

(©) Argon gas under high pressure and low voltage. 


@ Chlorine gas under low pressure and high voltage. 


[10] When the potential difference between the two electrodes of a discharge tube 
reaches around 10000 volts, it is noticed that ............... 

(2) the electrical conductivity of the gas in the tube decreases. 

(Б) the resistance of the gas in the tube to the electron passage increases. 

(c) a flash occurs at the cathode. 

(d) a flash occurs on the wall of the discharge tube. 


ff] The apparatus which is illustrated in the opposite " ғ 
ource о] 

figure does not produce cathode rays. electricity Де 

What is the modification which should be 


introduced to obtain the rays ? 


(3) Altering the connection of the electrodes of 


the source of electricity. vat Е 
cathode 


(6) Heating the anode instead of the cathode. 
© Using an alternating current source instead of direct current source. 


@ Discharging the air from the tube. 
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Electric discharge experiment of Thomson proved that the atom ------------ 
(3) is solid. 

(b) contains a vast space. 

© contains a positively charged nucleus. 


(8) contains negatively charged electrons. 


(8 The cathode rays consist of very fine particles called ..........-- 
(3) electrons. (b) protons. (С) a-particles. @ atoms. 


Cathode rays have ............... 
© mass only. (6) charge опу. 
© neither mass nor charge. @ mass and charge. 


£5 Which of the following represents the electrical discharging experiment, and 
the properties of the produced cathode rays ? 


[ Source of 


Choices the cathode rays Effect of an electrical field on these rays 


(3) The positive cathode | The rays are deviated towards the positive electrode 


(5) The negative anode | The rays are deviated towards the negative electrode 


© The positive anode | The rays are deviated towards the negative electrode 


© The negative cathode | The rays are deviated towards the positive electrode 


9 When there is no magnetic field or electric field that affects the tube of the cathode 
rays, then the rays ............... 


(3) are not formed. ©) travel in straight lines. 

© become positively charged. @ do not cause a glow on the tube walls. 
When а beam of cathode rays falls on a sheet of platinum. ............... 

(3) its temperature decreases. (Б) its temperature increases. 

© its temperature does not change. @ it is broken down to small fragments. 


(9 The rotation of a light paddle wheel of mica placed in the path of the cathode rays 
proves that these rays ............... 

(a) have thermal effect. (5) are negatively charged. 

© are positively charged. @ have mass and travel in straight lines. 


ЕЗ 
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The term “electron” was not known at the time of the statement c 


@ Rutherford’s atomic model. © Bohr’s atomic mode! 


©Thomson’s atomic model. @ Bohr’s modified atomic m 


Which of the following properties is the strong evidence which proved that the 
cathode rays exist in all materials ? 

@They have a thermal effect. 

(6) They move in straight lines. 

© They consist of very fine particles. 

@ They do not differ either in behavior or in nature, even if the material of 


the cathode is changed. 


a Particle like character of cathode rays is indicated by ............... 
@ their ability to move in straight lines. 

(5) their ability to induce flashes on the sensitive plates. 

© their deviation when passed in an electric or a magnetic field. 


(à) their thermal effect. 


Electrical neutrality was first mentioned in ............... 
(8) Democritus's perception of matter. (6) Dalton’s atom. 


(©) Boyle's concept of matter. (d) Thomson's atom. 


Rutherford's model of the atom 


& The metal sheet used in Rutherford's experiment is lined with a layer of ..........- 


@ ZnS, (5) ZnSO, © Zn,S @ ZnS 
24] The scientist who used the radioactivity phenomenon in identifying the composition 
| 
| of the atomis.............. 
| © Dalton, (б) Thomson. © Bohr. @ Rutherford. 
Rutherford's theory proved for the first time that the atom ............ 
(3) is indivisible. (b) is electrically neutral. 
© contains a vast space, @ is solid. 


(т: OV (Ce) le 5. pala 
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1 Atomic Structure 


Which of the following observations shows the invalidity of the claim that the atom is 
solid, as presumed by both Thomson and Dalton ? 

(3) Deviation of some alpha particles upon collision with the gold foil. 

© Penetration of a small fraction of alpha particles upon collision with the gold foil. 

© Reflection of a small percentage of alpha particles upon collision with the gold foil. 


(8) Appearance of flashes on the sensitive plate behind the gold foil after falling of 


alpha particles on it. 


Ё) In the experiment which is illustrated in 

the opposite figure. 

What does the path of the rays (X) indicate ? 
@ The presence of a dense part in the atom and 


most of the atomic mass is concentrated in it. 


Metal sheet lined 
with zinc sulphide 


(5) The presence of negatively charged particles 
revolving around the center of the atom. 
(© The presence of the protons inside the atom. 


@ The atom is not a solid particle. 


7 In Rutherford's experiment, the deflection of a small fraction of a-particles shows that 


a 


the atom contains ------------ 
анавы. © protons. © nucleus. (8) neutrons. 


The gold foil experiment which was carried out in Rutherford's lab ............... 
(3) confirmed Thomson's atomic theory. 

(5) is the base for Dalton's theory. 

(c) led to discovering the nucleus of the atom. 


@ entailed using a source of beta particles. 


Which of the following postulates belongs to Rutherford's model but not 
to Thomson's ? 

@ The atom is a sphere of uniform positive electric charges. 

(6) The atom contains negatively charged electrons. 

(c) The atom contains a positively charged nucleus. 


(3) The atom is electrically neutral. 


(18] 
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@ In Rutherford's experiment, the ratio of the number of the penetrating alpha particle 
| to that of alpha particles which bounced back is .............. 

| (2) much more than 1 

(6) less than | 

(©) equal to 1 

| (3) a little less than 1 

The scientist who designed the first atomic model on trial basis is ..-.-------- 

© Rutherford. — (5) Thomson. © Bohr. @ Dalton. 


The scientist who discovered that the electrons have negligible mass compared to 


| that of the nucleus is ------------ 
(2) Thomson. © Bohr. © Rutherford. @ Dalton. 


Rutherford’s model of atom .. 
| (2) іѕ the recently adopted model of atom. 

(6) assumed that the atom is solid. 

(©) explained the unique atomic spectrum of the different elements. 


| (d) assumed that the charge of the electrons equals the charge of the nucleus. 


& After carrying out Rutherford's experiment using a foil of gold and alpha particles. 
All the following were concluded, except ............. 

(2) the small size of the nucleus of the atom. 

© the charge of the nucleus. 

(© the atomic masses of the elements. 


(d) the movement of the electrons around the nucleus. 


When alpha particles and cathode rays are exposed to an electric field or 


a magnetic field, they 


@ move with the same speed. 
© pass in opposite directions to each other. 
© Pass together in the same direction. 


@ are not affected by either of them. 
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Each of the following is passed in an electric field : 

(1) Alpha rays. (2) Cathode rays. 

(3)A group of the nuclei of the atoms of different elements. 

Which of the following expresses the path of each of (1) , (2) and (3) in this field ? 


Choices (1) (2) (3) 
Are deflected towards ч Are deflected towards 
© the positive pole il i pathi the negative pole 
Are deflected towards | Are deflected towards 
; рй Т traight path 
® the negative pole the positive pole Меснер 
Are deflected towards | Ате deflected towards | Аге deflected towards 
© the negative pole the positive pole the negative pole 
Are deflected towards | Are deflected towards | Are deflected towards 
@ the positive pole the positive pole the negative pole 


The failure of Rutherford's atomic model is attributed to that it did not explain ............. 
(3) the nature of the movement of the electrons around the nucleus. 

(b) the presence of a nucleus in the atom. 

© the presence of attraction forces between the protons and the electrons. 


@ the presence of space between the nucleus and the electrons. 


Essay questions AS 


Give reason for : 

| (1) The cathode ray tube must be evacuated to a very low pressure. 

(2) The cathode rays are termed by this term. 

(3) Alpha rays are deviated when exposed to a magnetic or an electric field in 
a direction opposite to that of the cathode rays. 

(4) The metallic plate in Rutherford's experiment is lined with ZnS 

(5) Rutherford's model of atom resembles the solar system. 


(6) The electron does not fall into the nucleus despite the attraction between them. 


What happens when an amount of a gas is pumped in the tube of the cathode rays ? 


Explain. 


In cathode ray experiment, what happens when the platinum electrode (the cathode) is 
replaced by an electrode of copper ? Explain. 
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In the shown diagram which illustrates Rutherford's newer 

experiment : 

(1) Why is ray (1) bounced back ? : 

(2) What is the indication of : —— с 
(i) The penetration of ray (2) to the gold , " : 


foil without deviation. коны 
(ii) The deviation of гау (3). "( 
$ The opposite figure shows Rutherford's experiment. (A) 

Which of alpha particles (A ‚В or C) will flash at (B) 
the same position before and after placing the gold foil ? 
Explain your answer. (С) 

The opposite figure illustrates falling of three o-particles (A) 
on a gold foil : (в) 
* Particle (A) : Moves towards the nucleus of the atom of gold. 
* Particle (B) : Moves close to the nucleus of the atom of gold. (С) mo. T 


* Particle (C) : Moves in the space surrounding the nucleus of 
the atom of gold. 
(1) Complete the path of the three particles on the figure. 


(2) Show the importance of using a huge number of Q-particles in this experiment. 


Higher — order questions 


Answered in detail 


| Choose the correct answer : | 


Т 
Ө Which of the following facts does not match Dalton's atomic model ? 
(8) The mass of each atom of copper atoms equals 63.5 u 
(Б) The mass of iron atom differs from that of copper atom. 
(c) Uranium-285 nucleus undergoes fission forming lead. 
(9) Hydrogen molecule is composed of two atoms. 


444g 
of oxygen gas 


The opposite figure represents a postulate 
of an atomic theory that you have 


Combination 
— 


studied : 

(1) Who did formulate this theory ? 555g 

(2) State the postulate represented by — Ei d 
FS бф. of water 


Scanned with CamScanner 


| 
| 
Chapter 1 | [From Atomic emissions 


ШЇП Beforethe quan 


Lesson Two 


(1 О T ic ӨП ni 


ə On heating atoms of a pure element - in gaseous or vapor state - to high temperatures or 
exposing them to a low pressure inside an electrical discharge tube, they emit a radiation 
called emission spectrum (line spectrum). 

e On examining this radiant light by a device called spectroscope, it was found that it is 
composed of a limited number of restricted colored lines separated by dark areas. 

So, it is called line spectrum. 

Line spectrum (emission spectrum) is an atomic spectrum composed of limited number of 

restricted coloured lines separated by dark areas. P 

» The line spectrum is characteristic for each element .. G.R. ? 

Because there are no two elements with the same line spectrum, and this is due to the difference 
in the atomic number (number of protons and so electrons) from one element to another. 


A App ПЛА, The line spectrum of hydrogen atom. 


* The line spectrum of hydrogen atom appears during examination as four colored lines 
separated by dark areas, as in the following figure : 


так Photographic plate 


Hydropen gas 
discharge tube 


410 434 486 656 nm 
Violet Blue Green Red 


Visible line spectrum of hydrogen atom consists of four coloured lines 


* It is noteworthy to know that the physicists - at that time - were not able to explain this 
phenomenon. 
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The line spectrum differs from an element to another due to ............ : 


the difference in the number of neutrons in each of them. 

(6) the difference in the mass number of each of them. 

© the difference in the electronic configuration of each of them. 

@ the difference in the number of valence electrons in each of them. 

Idea of answering : 

The difference in the line spectrum from an element to another is attributed to 


the difference іп ............... from an element to another, and consequently the difference 


Bohr's atomic model (1913) 


: The study of atomic spectra is considered the key which solved the puzzle 
: of the atomic structure. That was achieved by the Danish scientist Niels 


Í Bohr upon which he was rewarded the Nobel Prize in 1922 SR pe 


Bohr’s postulates 


[A Points that agree with Rutherford’s postulates 


ФА positively charged nucleus exists in 


the center of the atom. 


Ө The number of negative electrons (revolving Forbidden regions 
Positively charged 


around the nucleus) equals the number of Founn energy level nucleus 
positive protons inside the nucleus. Third energy Teve] 
Second energy level 

i i ively charged 
o During the revolving of the electron around First energy level аца 


the nucleus, a centrifugal force arises which is Bohr's model of atom 
equivalent to the attraction force of the nucleus 


On the electron. 
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[B | New postulates 


© Electrons orbit the nucleus in a rapid movement 


Ө Electrons orbit the nucleus in definite allowed energy 


@ Each electron in the atom has a definite amount of energy 


@ When the electron acquires a quantity 


without emission or absorption of any amount of 
energy and the atom in this case is named stable atom. 


levels. They cannot be found in the regions between 
these levels, where the electron moves from an energy 


Increasing the energy levels 


level to another one via a complete jump. 


Electron transition from 
depending on the distance between its energy level and an energy level to another one takes 
the nucleus, the energy of any level increases as its radius place via а compete amp 
increases. Each energy level is expressed by an integer 

number called the principal quantum number (n), 

and the electron revolves in the lowest allowed energy level 

in its ground state. 


asd A photon is emitted 
of energy - known as quantum - when the excited electron 
Š NN transfers to a lower 
by heating or by electric discharge, sich energy level 


the electron jumps temporarily to 

a higher energy level. This is in case 
that the absorbed quantum of energy 

is equal to the difference in energies 
between the two levels, and the atom 
in this case is known as "excited atom". 


Since the electron in the excited atom 4 
is unstable, it returns back to its original : йе orca 
level with emission of the same quantum of Presuming that the electron can | 


energy (photon) in the form of radiant light m ME an me 
that appears in the form of a characteristic c 
visible spectral line of a certain wavelength 
and frequency, hence the atom returns to its stable state. 
* The stable atom is the state of the atom when its electrons energy is the least. 
* The excited atom is the state of the atom after gaining a quantum of energy, 
through heating or electrical discharging. 


* Quantum is a quantity of energy gained or lost when the electron is transferred 
from an energy level to another energy level. 


When an electron gains 
a quantum, it becomes 
excited (unstable) 


Scanned with CamScanner 


@ The acquired amount of energy (the quantum) 
when an electron transfers from its 
ground state to the excited state 
equals the amount of energy which is released 
when this electron returns back to 
its ground state level. 


@ A lot of atoms absorb different amounts 
of energy (quanta) in the same time that 
a lot of excited atoms release other quanta 
producing spectral lines. These spectral 
lines indicate the energy levels from 
which their electrons are transmitted 


back to the ground state. 


Energy increases 


* This explains that the line 
spectrum of hydrogen atom 


consists of four coloured lines, 


n=2 


Higher energy level 
—- = ш Л i 
AE=E,-E, | à 
Emitted energy | Absoit 
E, — a 
Lower energy level 


410 434 486 
VioletBlue Green 


where they indicate the higher 
energy levels from which the | 
п= 
electron transfers to the second 
The visible line spectrum of hydrogen atom consists of four coloured lines 
energy level only. (The wavelength of the visible spectrum ranges between 410 : 656 nm) 
Io! 
Ro Worked Example T 
| " А п=5 
| The opposite figure illustrates some travels п=4 
P} В) (D) 
of the electron of an excited hydrogen atom e РЕ 
between the different energy levels. 5 (с) 
Which of these travels produces a spectral a] — x 


| 
| line of hydrogen atom ? 

|QA OL 
©с @р 


| 
| ldea of answering : 


(А) 


| The spectral line of hydrogen atom is formed when the excited electron is transferred from 


higher energy levels to the second energy level only. 


| Answer : The correct choice is ©) 


TERIS d 
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Hee ) - 


Bohr's calculations of the radii of the energy levels of hydrogen atom and the energy 
| of each level revealed that : 


| * The amounts of energy required to 
| " is 

| transfer an electron between the different Absorbed 
| energy levels are not equal .. GR. ? спегву 

| Because the distance and ће difference in 


energy between them are not equal. Transference of an electron between two 


close energy levels 
e The quantum required to transfer 


an electron from an energy level to 


Absorbed 
another decreases as we go farther from energy 
the nucleus .. GR. ? 


Because the energy gap (between energy levels) 
Transference of an electron between two 
decreases as we go farther from the nucleus. 


distant energy levels 


What does happen to the spaces between energy levels on moving from (n = 1) 
to (nz 7)? 


(3) Decrease by increasing (n). 
(b) Do not change. 

(c) Increase by increasing (n). 
(d) Change irregularly. 


Answer : The correct choice is ............... 


O) Worked Example 
Which of the following transfers of the electron of hydrogen atom is accompanied 


by releasing the largest amount of energy ? 
(@а)п=3——>»п=2 
(6) п=5 —=п=4 
()n2z2——enzl 
@ n=4—+n=3 


[26] 


Scanned with CamScanner 


Idea of answering : 

+: The difference in energy (the energy gap) between two consecutive energy levels 
decreases as the distance from the nucleus increases. 

2. The difference in energy between the second energy level (п = 2) and the first energy 
level (n = 1) is the highest. 


Answer : The correct choice is (c) 


{ тһе advantages and drawbacks of Bohr's atomic model 


Despite the great efforts of Bohr to formulate his atomic model, the quantitative calculations 
of his theory didn't match all the experimental results. 

Advantages (success) of Bohr's atomic model : 

Or explained the hydrogen spectral lines. 


@ It introduced the idea of quantized energy (for the first time) to determine the electron 
energy in different energy levels in the atom. 


Drawbacks of Bohr's atomic model : 
The most important defects of Bohr’s theory were the following : 
© it failed to explain the spectrum of any other element, (not even helium atom which 


contains 2 electrons only), except hydrogen atom which is the simplest electronic system, 
where it contains one electron only. 


Ө t considered the electron as а negative charged particle only and ignored its wave properties. 


[1] It presumed that it is possible to determine precisely both the location and speed of 
an electron at the same time, but in fact this is experimentally impossible. 


о It described the electron as a particle moving in a circular planar orbit, this means that 
hydrogen atom is planar. Later on, it was proved that the hydrogen atom has 
three dimensional coordinates. 

а The principles of modern atomic theory (modified Bohr’s model) 

The modern atomic theory is based on some essential modifications of Bohr’s model. 

Among the most important modifications are : 

Q The dual nature of electron. 

ü Heisenberg's uncertainty principle. 

(3 The wave-mechanical theory of the atom. 
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I 


: Einstein, De Broglie and Heisenberg, and could : 


: ө Establish the wave-mechanical theory of the atom. 


[A] The dual nature of electron 


i All the previously mentioned theories considered the electron just 
; as a tiny negatively charged particle. However, all experimental data 
; howed that the electron has a dual nature .. GR. ? De Broglie | 


: As it is a material particle which also has wave properties. 


; The dual nature of electron БЫ 


d The electron is a material particle which has wave properties. = 


a Heisenberg's uncertainty principle 


: Bohr's theory presumed that it is possible to determine both 


} the location and velocity of the electron precisely at the same time, but by 
: applying the principles of quantum mechanics, Heisenberg concluded that 
| "The determination of both the speed and position of an electron at 

; the same time is practically impossible. 

| So, speaking in terms of "probability" seems to be more precise". 

: This is because the electron wave motion doesn't have a certain position. 
: Heisenberg's uncertainty principle 

: The determination of both the velocity and position of an electron at 


} the same time is practically impossible and this is subjected to the laws of probability. 


a The wave-mechanical theory of the atom 


: The Austrian scientist Schrödinger (1926) applied the ideas of Planck, 


• Derive a wave equation that could be applied to the electron movement 
in the atom. 


: On solving Schrédinger’s equation, it is possible to : 
i @ Determine the allowed energy levels. 


i @ Define the regions of space around the nucleus, where it is most probable to find 


the electron in each energy level. 


P 
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i eThe wave-mechanical theory changed our concept about the movement of electron 
where instead of speaking about the regions between the fixed circular orbits as being 


completely forbidden for the electrons, this theory introduced the concepts of : 


Nucleus 


| Electron cloud 
: Itis the region of space around the nucleus, in which the electron probably exists 


; in all directions and distances (dimensions) (region A). 


: Orbital 
; It is the region within the electron cloud which has 
i high probability of finding the electron (region B). 


RO) Worked Example | 


| What does each of (X) and (Y) represent in 


| 

| the opposite figure ? 8 

| 8. 

| Idea of answering : – — EG 

| ~ (X) indicates a definite level around the nucleus E: i 
$ 
Ё 


in which the electron can be found. 


2 


РА Я isi from 
(X) represents an orbit. ihe nucleus 


' (Y) indicates a high probability of finding the electron. 


“Y) represents an orbital. 
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2 Bisse) 
Multiple choice questions (&j) — ae 


Atomic emission spectra (Line spectra) 


(fJ On heating gases or vapors to a high temperature under low pressure, they ----------- 
E 

@ absorb light. © emit light. 
© emit gamma rays. @ emit alpha particles. 


The line spectrum of an element is characteristic, as no two elements can have 


the same ............... 
(3) atomic number. (b) atomic mass. 
© physical state. @ physical properties. 


What is the scientific contribution which led to concluding the electron configurations 
of the elements ? 

@ Boyle’s perception of the element. 

(5) Analyzing the light emitted from the atoms when they acquire energy. 

© Thomson’s atomic model. 

@ Rutherford’s atomic model. 


All the following are correct, except ............... 

@ the line spectrum of hydrogen atom is formed of four inseparable colours. 

(5) electrons have dual nature. 

(©) Bohr's atomic model introduced the concept of quantum to determine the energy 
of the electrons. 

(8) in case of not gaining or losing energy, the atom is described to be stable. 


Bohr's atomic model 


Who are the two scientists who agreed on the idea that most of the atom is empty 


Space ? 
(6) Boyle and Dalton. 


@ Rutherford and Bohr. 


© Geiger and Democritus. 
(© Thomson and Bohr. 


[31] 
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Chapter 


1 Atomic Structure 


К According to Bohr's theory, the orbit in which the electron revolves can be 


determined through .............. 
(3) the electron mass. © the electron energy. 
© the electron charge. © the nucleus charge. 


EX) 


[7] Through studying the line spectrum of an atom, it is possible to know 
(3) the isotopes of the element atom. 

© the energy levels in the atom. 

© the composition of the nucleus of the atom. 

@ the number of the neutrons inside the nucleus of the atom. 


When an electron absorbs a quantum, it will transfer to 
(3) all higher energy levels. 
(Б) all lower energy levels. 
(© a higher energy level that matches the absorbed quantum. 
(8) a lower energy level that matches the absorbed quantum. 


When the electrons of an excited atom return to their original energy levels, 
this results in the emission of ............ 

(3) a-particles. (Б) B-particles. 

© energy in the form of line spectra. (3) y-rays. 


Ё Each of the following is correct for the electron, except .......... 

(3) the electron in the lower energy level absorbs energy to travel to a higher energy level. 

© the amount of energy which is emitted from the excited electron equals the amount of 
energy which is absorbed by the same electron to reach this certain state of excitement. 

© the electron in the first energy level can be at infinite distance from the nucleus. 

@ electron can absorb different quanta of energy. 


f] The excited electron tends to 


(&) absorb energy to return to its ground state. 

(5) produce light with a definite wavelength and energy. 
© stay in its unstable state. 

(@) settle in a higher energy level. 


(@ On approaching one of lithium salts to the non-luminous region of bunsen flame, 


it acquires red colour, this is explained by that the electrons in the excited atoms of 


lithium ............... 
(а) are lost from the atoms. (5) their number increases. 
© return to the ground state. @ transfer to higher levels. 
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(0 On comparing the position of an electron in its ground state, with its position 
| inthe excited state, it is............. 

@ in the second energy level. © in the nucleus. 

(©) closer to the nucleus. @ farther from the nucleus. 


Which of the following supports the concept of quantum in determining the energy 
| of the electrons ? 

(3) The emission spectrum of hydrogen atom. 

(5) The cathode rays. 

© The deflection of some a-particles upon collision with gold foil. 

(3) The penetration of most of -particles upon collision with gold foil. 


(5 According to Bohr's atomic model, to travel from the first level K to 

| the fourth level N, the electron ............... 

(3) acquires a quantum. (5) loses a quantum. 

© acquires 4 quanta. @ loses 4 quanta. 

[16] To obtain the visible spectrum of hydrogen atom for an electron that has been excited 
to the energy level M, this electron must . 

(2) Іоѕе a quantum of energy less than that it has — 

© gain a quantum of energy greater than that it has gained. 

(€)lose the quantum of energy it has already gained. 

(8) gain quantum of energy. 

The visible line spectrum of hydrogen atom arises as a result of the return of 

the excited electron from higher energy levels to the level ............... 

@к ®L ©M @N 

Which of the following transitions of the electron in hydrogen atom results in 

the emission of visible light ? 

@ (n 2 5) — (n = 2). (B(n23) — (n= 1). 

© (а= 5) — (n 2 3). @ (n = 6) —e (n 23). 


f) The opposite figure shows several travels of 

the electron of an excited hydrogen atom 
between different energy levels. 

Which of these travels produces a spectral line 
of hydrogen atom ? 

GA в 
© C @D п=ї-4.<-4з------=--=<<- 


(о: p SY (CH) OW. shes- ә! 
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Each line іп the line spectrum of lithium atom represents ............... 

@ the energy absorbed by the atom when it loses an electron. 

© the energy absorbed by the atom when it gains an electron. 

(C) the energy released when an electron transfers from a lower energy level to 
a higher energy level. 


© the energy released when an electron transfers from a higher energy level to 


a lower energy level. 


The spectral lines of the atom of any element indicate ............ 
| @ the number of electrons in the atom of this element. 

(Б) the energy of the level where the electron is present. 

© the energy of the electron in the energy level. 


| @ the difference in energy between two energy levels. 


| 

The radiation whose wavelength is 486 nm lies in the region of . 
(a) infrared rays. (Б) UV rays. 
© visible rays. (à) infraviolet rays. 


The electron in hydrogen atom which is excited to the fourth energy level ............... 
@) remains in the same new energy level. 

(5) returns to its ground state accompanied by visible spectrum only. 

© returns to its ground state in one jump or several successive jumps. 


@ transfers to a higher energy level. 


What is the chart which represents the relation between the difference in energy 
between two consecutive levels in an atom and the distance from the nucleus ? 


E > > 

2 2 g 8 

g Р] © Р 

5 5 5 5 

E £ S 5 

Z 2 2 2 

5 2 z 2 

5 E E E 

= E: £ £ 

a " a a a > 

Distance from Distance from Distance from Distance from 
the nucleus the nucleus the nucleus the nucleus 
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@ Among the postulates of Bohr's atomic model is that ........... 

(&) electrons can acquire any amount of energy. 

(6) it is impossible to determine the path of the electrons precisely. 

(©) the energies of the electrons in different energy levels are determined throug! 
the concept of quantum. 

(8) the electron has a dual nature. 


E Which of the following statements is consistent with Bohr's postulates ? 
@ Space regions between energy levels are occupied by electrons. 

(6) The atom has no dimensions or spatial directions. 

(c) The electron is a negative particle with wave properties. 

(d) The electron revolves around the nucleus in all directions. 


The dual nature of the electron means that it has .......... 


—lm 


(2) a mass and a charge. 
(8) a mass and a wave motion. 
(©) a volume and a wave motion. 


(9) a mass and a density. 


Bohr's atomic model differs from that of Rutherford, this difference is obvious in 
Bohr's postulate that the electron ............... 

(2) produces a spectral line when it loses a quantum. 

(b) is a negatively charged particle. 

(c) does not produce a spectral line when it loses a quantum. 


@ revolves around the nucleus in certain orbits. 


The modern atomic theory 


Which of the following electronic transitions in hydrogen atom is accompanied by 

releasing the largest amount of energy ? 

@ From the orbit M to the orbit L and the position of this electron can be determined. 

© From the orbit N to the orbit M and neither the position nor the speed of this electron 
can be determined precisely. 

© From the orbit L to the orbit K and this electron has a dual nature. 

@ From the orbit L to the orbit K and the position and the speed of this electron 


can be determined precisely. 
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Kf] Each of the following is among the properties of the electron, except that it ....... 
(3) is a material particle. 

@® has wave properties. 

© loses energy when it transfers from one energy level to a higher level. 

@ is deflected by the effect of a magnetic field. 


@ A drawback of Bohr's model that was fixed by the modern atomic theory is that... 
(3) the electron has a dual nature. 

© the electron has a wave nature. 

© the electron is a negatively charged material particle. 

@ the electron revolves around the nucleus in electron cloud. 


The scientist who presumed that it is possible to determine both the speed and position 
of an electron together precisely is -........... 
@ Heisenberg. (Б) Thomson. © Bohr. @ Boyle. 


133] What is the name of the scientist who destroyed Bohr's belief that there are regions in 
the atom forbidden for the electrons ? 


@ Boyle. © Heisenberg. © Schrödinger. @ De Broglie. 


Which of the following statements is a Heisenberg's modification to Bohr's 

atomic model ? 

@ It is difficult to determine the position and the speed of the electron together precisely. 
(5) Space regions between energy levels are not forbidden for the electrons. 

© The electron is a particle with wave properties. 

@ Both the speed and the position of the electron can be determined together precisely. 


£ "The actual position of the last electron in iron atom and its speed in a certain 
moment can not be precisely determined". 
The previous statement is an application of 


(2) Hund's rule. (Б) Bohr's model. 
(©) uncertainty principle. (d) the dual nature of the electron. 


Ё According to the wave-mechanical theory, ............. 
(3) the electron has a mass as well as wave properties. 
© the electrons are found in the orbitals. 

(c) the nucleus is very small compared to the atom. 


(3) the electrons are negatively charged. 


ЕЗ 
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{0 Applying the wave equation to the last electron in lithium ¿Li atom shows that ............. 
| (3) its location can be determined precisely in the energy level L 

©) it moves towards or away from the nucleus in the energy level L 

(©) its energy is lower than the energy of the electrons of the level К 


@ it moves to the level K after losing a quantum of energy. 


The modern atomic theory agrees with Rutherford's model on that ... ...... 
{ @ the atom is not solid. 

© the electrons have wave properties. 

© itis impossible to determine the speed and the position of the electron together precisely. 


@ there is a pattern according to which the electrons orbit the nucleus. 


KJ Give reason for : 

(1) The emission spectrum is known as line spectrum. 

(2) The line spectrum is a defining characteristic for each element. 

(3) The quantum of energy required for the travelling of an electron between different 
energy levels is not a constant quantity. 

(4) The incorrectness of Bohr's assumption that hydrogen atom is planar. 


(5) The electron has dual nature. 

In the opposite figure, determine 

with explanation the position(s) CET orm & (D) 
in which the electron can not be present SF 

according to Bohr’s atomic model. 


£ The figures below illustrate 3 different atomic models : 


Ball of Nucleus Energy level 
positive charges Orbital х... Electron 
Electron 
Electrons cloud Nucleus 
а) Q) (3) 


Arrange these figures ascendingly according to the development of the concept of 
the composition of the atom. 
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1 Atomic Structure 


(9 The following statements represent the attempts to develop the atomic mode! |» 
по particular order : 

* (А): The electron has wave properties in addition to its particle nature. 

* (В): The atom contains tiny negatively charged particles. 

• (С): In the center of the atom, a small nucleus is found which is of high density. 

• (D): The atom is solid and indivisible. 

What is the correct sequence of these attempts ? 

[13] In the light of your understanding for Bohr's atomic model. 


Show the change which occurs in each of the energy and the position 


of an electron when it is excited. 


The opposite table represents the probabilities ii Electron transfer | 
of the emission spectrum of hydrogen atom. Probability From (n) | To(n) | 
Which of these probabilities represents (A) 2,3,4,5 | 1 | 
the visible spectrum of hydrogen atom ? (B) 3,4,5,6 | 2 | 
Give reason. (C) 4,5,6,7 | 3 | 

СБ) The two shown figures represent 
the emission of the green light and diced Absorbed 
the red light - with no particular order- energy et uz ene 

— E ә _ 
as a result of the returning of ап excited 
Figure (1) Figure (2) 


electron to its ground state in hydrogen atom. 
Which of them represents the green light ? 
Explain. 


The two opposite figures represent two t5. ете, 


different perceptions for the movement г 
Figure (X) Figure (Y) 
of the electrons around the nucleus, predict : 
(1) The name of the scientist who suggested 
the perception which is illustrated in the figure (Y). 
(2) The scientific term that represents the region 


in which the electron can be found in the figure (X). 


ЕЗ 


A 
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Answered in detsii 


| Choose the correct answer : | 


The visible line spectrum of hydrogen atom consists of four coloured lines. 
Which of them has the smallest frequency ? 

(3) The green. 

(b) The blue. 

© The red. 

@ The violet. 


[45] Which of the following graphical figures represents Bohr's concept of the orbit ? 


P < - 
Dwg Dwg Owe 
o9 os os 
Bos Bok POE 
z85 285 зэ 
LER Bye S|—— 
$22 “Мм ЕЕ 510 
о 2 ро 
eaS eaS as 
БЕЗЕ Ё== Ё RS 
Distance between Distance between Distance between Distance between 
the electron and the electron and the electron and the electron and 
the nucleus the nucleus the nucleus the nucleus 


© © © © 


In an excited hydrogen atom, a photon of light with wavelength 486 nm is emitted when 


the electron transfers from the principal level (n = 4) to the principal level .... 
| @п=1 @n=2 
()n23 @n=5 


If the difference in energy between energy levels K and L equals AE, 

then the difference in energy AE, between energy levels О and P is ............. 
@ higher than AE, 

©) lower than AE, 

© equal to AE, 

(3) approximately equal to AE, 
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@] If an electron acquires an amount of energy equals 1.89 eV to transfer from ene 
level L to M, then to transfer from L to K, it may................ 
(3) lose an amount of energy equals 1.89 eV 
(Б) acquire an amount of energy equals 1.89 eV 
© lose an amount of energy equals 10.2 eV 


@ acquire an amount of energy equals 10.2 eV 


& In the opposite figure, if an electron in — 


the energy level M in a hypothetical atom 


acquires an amount of energy 


equals 3 x 10-1? J, thenit............... 


| 
| 
| 
L — — — — — — — — -10*19?j | 


(3) transfers to the level L 


K—— _- 17107 
© transfers to the level К 


© transfers to the level N 


@ remains in the level M 


| Essay question : 


§ Which is greater – with explanation – the frequency of light or the frequency of 


infrared radiation ? 
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Choose the correct answer for the questions @ 1 © 


@ Which of the following represents the rays that are produced from the discharge tube 
under high voltage ? 

(à) They are deflected away from negative plate. 

(5) They are not deflected by the magnetic field. 

© They are positively charged. 

@ They are striking the cathode. 


Q Which of the following transitions of the electron of hydrogen atom results in 
the emission of visible line spectrum with the highest frequency ? 
@ (n2 6 —- (n 22) (B (n2 3) —- (n- 4) 
© (n2 5) —= (n= 1) (4) (n2 3) —7 (n = 2) 


Sg 


Ө In Rutherford's experiment, very small fraction of the positively charged 
particles ............... 
(3) were slightly deflected as they passed through the metal. 


(b) passed straight through the metal. 
(©) were reflected back from the metal. 
@ combined with the metal. 


ө Which of the following facts doesn’t match Dalton’s atomic theory ? 
@ Any matter is made up of small particles which are called atoms. 

© Atoms аге not divided in chemical reactions. 

© Atoms of the same element are chemically alike. 


@ All atoms of same element have the same mass. 


6 In the opposite figure : 


©) 
What is the position in which is impossible C cess © 


for the electron to be present (according to s 
Bohr's theory) ? 
(A) @ (В) © (С) @0) 


(л: т ТС) Hes Lai 
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© The modern atomic theory agrees with Rutherford’s atomic model on .......... 

(3) the system in which the electrons revolve around the nucleus. 

© that the electron has dual nature. 

© the impossibility of determination both the speed and the location of the electron 
together precisely. 


@ that the atom is not uniformly dense. 


@ The scientist who presumed that it is most probable to find the electrons in 


the orbitals is ............... 
(3) Bohr. ©) Rutherford. 
© Thomson. (8) Schrödinger. 


o The electrons of an atom have the lowest possible energies, when the atom is 


excited state. (5) inert state. 
© ground state. @ radiation-emitting state. 


© In the opposite figure, if an electron in 


-19 


the energy level M in a hypothetical N - x10; 
atom acquires an amount of energy M =» “5x10 J 
equals 4 x 107! J, then it............... 3 "TT 
(2) transfers to the energy level L 
© transfers to the energy level К 

K -17х10779] 


© transfers to the energy level N 


@ remains in the energy level M 


Answer the essay questions (D i [12] 


@) Discuss the role of the scientist Schródinger in explaining the atomic structure. 
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(0 Mention the scientific explanation electrons travel around the nucleus in sp«- o:i ; 


at a tremendous speed despite the mutual attraction between them and the nucleus 


© Explain briefly the role of zinc sulphide in Rutherford's gold foil experiment. 


(а) 
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Choose the correct answer for the questions @ i © 


(1] To get visible spectrum of the hydrogen atom of an electron excited to the third 
energy level (M), this electron must ............... 

lose a quantum lower than that gained. 

© lose a quantum which is gained. 

(©) gain a quantum. 

@ lose a quantum higher than that gained. 


e By applying the wave equation to the last electron in sodium atom ,,Na 
it's found that .... 


(3) it is possible to determine its position accurately in the energy level M 
(5) it moves nearer and farther from the nucleus in the energy level M 

(©) its energy is less than that energy of the electrons in the energy level L 
(3) it transfers to the energy level L by losing a quantum of energy. 


(6 Each atom of hydrogen and helium contains one energy level. 
Which of the following choices is correct ? 

They are different in the atomic emission spectrum. 

(b) They are equal in the number of electrons in each of them. 
© They are different in the principal quantum number. 


@ They are similar in the atomic emission spectrum, 


@ What is the drawback of Bohr's model which was modified by the modern atomic 
theory ? 

(3) The electron has wave nature only. 

@ The electron is a negative charged particle only. 

© The electron orbits the nucleus in certain orbitals. 

@ The electron has dual nature. 


© The study of atomic spectra is considered the key by which we knew 
@ that the electrons are negatively charged. © that the atom has a nucleus. 


© the energy levels in the atom. @ all the previous. 


Scanned with CamScanner 


—————— Test on the First month 9 


@ Which of the following transfers of the electron in hydrogen atom produces a photon 
with the lowest wavelength ? 

@ (n= 3) —- (п = 2) 

(9 (n= 4) — (n= 3) 

© @=4)— (п = 1) 

@ (1=3) —=(1= 1) 


e The experiment which showed the existence of very fine negatively charged particles 
in any atom is ............... 

@ the cathode-ray tube experiment, explained by Dalton. 

© the gold foil experiment, explained by Thomson. 

© the gold foil experiment, explained by Rutherford. 

@ the cathode-ray tube experiment, explained by Thomson. 


© The opposite figures describe two different ieee path Беко рай 
- —- 
perceptions for the movement of electrons 


around the nucleus. Im) hn n ae 7 
Ы A 


What is the theory which explained each 


9 9 
of them ? Nucleus Nucleus 
(3) X : Modern atomic theory, Figure (X) Figure (Y) 


Y : Rutherford's atomic theory. 
(Б) X : Bohr's atomic theory, 
Y : Modern atomic theory. 
(©) X : Modern atomic theory, Y : Bohr's atomic theory. 
@ X : Bohr's atomic theory, Y : Rutherford's atomic theory. 


(9] Which of the following does not match Dalton's atomic model ? 

@) Atoms of the same element are identical. 

©) Atoms can be divided into smaller parts. 

© Atoms of different elements can chemically combine to form compounds. 


@ Atoms of an element are impossible to transform into atoms of another element. 


9 
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[ Answer the essay questions [10] i (D 


@ Illustrate two of the drawbacks of Bohr's atomic model. 


@ Compare between the orbit according to Bohr’s atomic model and the orbital 
according to the modern atomic theory. 


(48) 
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@ has no spaces within it. © is electrically neutral. 
© contains negative electrons. @ is homogeneous sphere. 


(2) Which of the following are not deflected by the effect of the charged plates ? 
@ Cathode rays. © Alpha particles. 
© Protons. @ Hydrogen atoms. 


© According to Bohr's atomic model, to travel from the first level (K) to 
the fourth level (N), the electron ............... 
(3) acquires a quantum. (5) loses a quantum. 
(S) acquires four quanta. @ loses four quanta. 


© The visible line spectrum of hydrogen atom arises as a result of the return of 
the excited electron from higher energy levels to the level ............... 


@k OL OM QN 


e If the difference in energy between energy level (K) and (L) is AE, then 
the difference in energy AE, between energy levels (О) and (P) is ............... 

@ higher than AE, (5) lower than AE, 

© equal to AE, @ approximately AE, 


© The modern atomic theory agree with Rutherford's model on ............... 

(3) that the atom is not solid. 

(©) that the electrons have wave properties. 

© that it’s impossible to determine the speed and position of the electron together precisely. 
(d) the pattern according to which the electrons orbit the nucleus. 


(7] Which of the following cases is a gas that conducts electricity ? 
(3) Hydrogen gas at normal conditions. 

(b) Neon gas upon its decomposition. 

©) Argon gas under high pressure and low voltage. 

@ Chlorine gas under low pressure and high voltage. 


[47] 
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(3) The ratio of the number of hydrogen atoms to that of nitrogen atoms in ammor ;- 


molecule is 3 : 1, this is consistent with one of the postulates af. ue 
(8) Thomson's theory. (Б) Rutherford's theory. 
(©) Bohr's theory. (d) Dalton's theory. 


© What does happen to the spaces between energy levels on moving from (п = 1) 
to (п= 7) ? 
(3) Decrease by increasing (n). 
(5) Don't change. 
© Increase by increasing (n). 


@ Change irregularly. 


| Answer the essay questions (10) 1 (D 


© The opposite figure shows Rutherford’s experiment. 


(A) 
Which of alpha particles (A, B or C) will flash at the same (в) 
position before and after placing the gold foil ? 
Explain your answer. ( 


@ The opposite figures represent two attempts to 
explain the atomic structure. 
| What is the name of the theory that each figure 


represents ? 
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@ The two opposite figures represent 


two different perceptions for AP, Qe T m, 
A j 


the movement of the electrons 
Figure (X) Figure (Yj 
around the nucleus. 
(1) What is the name of scientist who 
suggested the perception which is 


illustrated in figure (Y) ? 


(2) What is the scientific term that represents the region in which the electron can be 


found in the figure (X) ? 


OVE ENT Gee) SW- LS lall 49 
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Lesson Three Ио Before principles of distributing electrons 


The mathematical solution of Schródinger's equation introduced four numbers that were 
called quantum numbers. 


To determine the energy of an electron in multi-electron atoms, we should know the four 
quantum numbers which describe it, these four quantum numbers are : 


Q The principal quantum number (n) : 


It describes the distance of the electron from the nucleus. 


o The subsidiary quantum number (/) : 
It describes the shapes of electron cloud in the sublevels. 


© The magnetic quantum number (ту) : 
It describes the shape and number of the orbital in which the electron exists. 


О The spin quantum number (mj) : 


It describes the spin motion of the electron. 


uü The principal quantum number (n) 


s It is used to define the following : 


+ The order of principal energy levels or electron shells «Their number in the heaviest 
known atom in its ground state is seven». 


+ The number of electrons (с ) required to fill a given principal energy level from 
the relation 2n? 


(i.e. it equals two times the square of the shell number indicated by the letter "n"). 
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Order of the level : The number of electrons required to 1111 t 
(п) i (2а?) 


1 | 2 x 1? = 2 electrons 
2 i 2 x 2? = 8 electrons 
3 | 2 x 3? = 18 electrons 
á i 


2 x 4? = 32 electrons 


2 G.R. The rule 2n? isn't applied to the energy levels higher than the fourth level. 


Because the atom becomes unstable if the number of the electrons which occupy 
the energy level exceeds 32 electrons. 


o The principal quantum number has a positive integer numerical values 1,2,3 ,4,........ ү 
(excluding zero). Each value is expressed by an alphabetical letter that represents 


a principal energy level as shown in the following table : 


Number of the level (n) 1 | 2 | 3 4 5 | 6 7 
Symbol of the level K | L | м N о Р Q 
K«L«M«N«O«P«Q 


а The subsidiary quantum number (/) 


» It determines the energy sublevels within each principal energy level. 
* Real energy levels in the atom are called energy sublevels. 
s Each principal energy level consists of a number of energy 
sublevels which are represented by whole numerical values 
which range between [0 : (n —1)], and their number equals its 
principal quantum number. 


* The energy sublevels take the symbols and values as shown in the following table : 


Subsidiary quantum number (by values | 
0 1 2 3 
[0:(п-1)] | | 
Symbols of sublevels 5 | Р | d | ў | 


[51] 
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The following table shows the relation between the principal quantum number ‘n) 
for each energy level and the number of the possible values of the subsidiary 
quantum number (b, where [(n) value = The number of b values] : 


Values of 
Symbolof Principal Symbols aid 
the principal quantum of ie MT 
energy level number (п) the sublevels Faber (f 
K т ——————H 0 
2s 0 
L д. а 
2р 1 
Dari 0 
M 3 cadis: кетен А 1 
3d 2 
fs 0 
Energy sublevels in each / 
principal energy level N 4 L 4p 1 
44 2 
4f 3 


* It is observed that there is a small difference in the energy of the sublevels in each 
principal energy level. 


* They can be arranged according to increasing their energy in the following order : 


ГӨ) Worked Example 


| What are the probable (/) values when (n = 4) ? 
| 
(@)0 or 1 or 3 (5)0 or 3 or 4 ©0orlor2or3 @Oor2or3or4 


s«p«d«f 


Idea of answering : -— 
^^ Each principal energy level consists of a number of sublevels which equals its 
numerical value. 
2. No. of the sublevels = 4 
2. The choices (а) and (b) are excluded. 
- The probable ( [) values range between [0 : (n — 1)]. 
2. The probable (/) values when (п = 4) range between [0 : (4 — 1)] 2 0 or 1 or 2 or 3 


Answer : The correct choice is (©) 


i 
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Which of the following energy sublevels does not actually exist ? 
2p (6) 3d (© 54 @ 3f 


Answer : The correct choice is ............... 


a The magnetic quantum number (mj) 


» It determines the number of the orbitals in each principal energy level from the relation : (п?) 
o It determines the number of orbitals within a certain energy sublevel 
from the relation : (2l + 1). 
» It determines the spatial orientations (directions in space) of the different orbitals. 
* It is represented by odd numbers of integer numerical values ranging 


between (€l, ..,0 ,...,4 0). 


The following table shows the relation between (b values and the probable values of 


the magnetic quantum number (ту) for the electrons of the first four energy levels : 


Values of Values of Number of 
5 4 Number of 
principal subsidiary Symbols Values of the magnetic the sublevel the principal 
quantum quantum of energy quantum number (т) orbitals level 
number number (l) sublevels Cl, 050,40 О{+1) orbitals 
() — [0:(n-D] (пд) 
1 0 Is [0] 1 1 
0 25 [0] І 
2 4 
1 2p [о] М] 3 
0 3s [0] 1 
3 1 3p ET 0} 3 9 
2 3d ЕУ [о ы} Е2 5 
0 4s [0] 1 
: І 4р i} (0) [e] 3 " 
2 а EMERGED s 
3 4 — ESKE2 HEU Co] [en [2] 3] 1 
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pS) Test Yourself | 


© What are the probable (mp values when d 22)? 


@0 , +1 and +2 only. 

@©0 , -1 and -2 only. 

(9-2 ,-1,0,41 and +2 
(d)-3,-2,—1,0 , +1 , 42 and +3 


Idea of answering : 


`2 The probable (my) values range between — l T Р 


-. The probable (mj) values when (d = 2) are ......... 


Answer : The correct choice is 


Q Which of the following possibilities of quantum numbers of an electron includes 


a mistake ? 

@n=3,l(=2,m=-1 
@n=4 ,(=3 ,m=-2 
©n=1,l=1,m=H 
@n=2,l=0,m/=0 


idea of answering : 


When (п = 1), then the value of each of (/) and (mj) will be ............. only. 


Answer : The correct choice is 


p 
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* The orbitals of the same sublevel are equal in energy and similar in shape, but differ in 10 


direction in space as shown in the following table : 


Number of Shape in space 


orbitals (electron density) Figure 


Sublevels 


= = TES m 


Ы у Y 3 | | 
Spherical symmetrical shape x x 
s 1 " 
around the nucleus. 


Orbital /s Orbital 2s 


• Each orbital takes the form 


y 
of two pears meeting head У 2 2 ? z 
to head (dumb-bell shaped) x x х 
at a point of zero electron 


density (node). 
Orbitalp, Orbital p, ^ Orbital p. 


5 e Each orbital is perpendicular 
|Р to the two other orbitals. y 


• The axes of the three 
orbitals take the three 
spatial orientations, thus 
they are designated as 


Py »Py and p, 


а 1 Š 
f |7 


Complicated shapes 


* Any orbital cannot be occupied by more than two electrons 2e , each of them rotates (spins) 
around its own axis while revolving around the nucleus (like the earth which spins around 


its own axis while revolving around the sun). 


Each orbital is filled with 2 electrons : 


lo |. | 

Sublevel s | р | d | f | 
Number of orbitals { | 3 | 5 | 7 | 
Г Г | 

Electron capacity 2 | 6 | 10 | 14 | 
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G.R... p sublevel becomes saturated with 6e”, while d sublevel becomes saturated 
with 10e 

Because p sublevel contains 3 orbitals, while d sublevel contains 5 orbitals and each 

orbital is filled completely with 2e 


ГӨ) Worked Examples 


@ The orbitals in the same sublevel are different in ............... 


@ the distance from the nucleus. (b) the magnetic quantum number. 
© shape and size. (d) the subsidiary quantum number. 
Idea of answering : — €——MÀ z 


*- The orbitals in the same sublevel have the same principal quantum number. 
2. They are at the same distance from the nucleus. 


г. The choice (2) is excluded. 


*- The values of the magnetic quantum number (mp of the orbitals in the same sublevel 


range between el spe ГҮҮ. D 
-. The orbitals in the same sublevel are different in the magnetic quantum number. 


Answer : The correct choice is (b) 


Өте following figures illustrate the probable electron cloud of the electron of 


| the excited hydrogen atom in two different cases : 


Figure (1) Figure (2) 


What is the principal quantum number (n) which is not probable for the electron 
| іп both cases ? 
І @)2 ©3 @4 


|€ 
[se) 
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Idea of answering : 

+ The figures illustrate the probable electron cloud of the electron of an excited hydrogen 
atom in two different cases. 

2. The electron has already transferred from the first principal energy level (n = 1) to 
a higher level. 

2. The principal quantum number of this electron is not probable to be (п = 1) іп any of 


these cases. 


Answer : The correct choice is 


Q The spin quantum number (т). 


Any orbital cannot be occupied by more than two electrons, each electron spins around 


its own axis during its orbiting the nucleus. 


* The spin quantum number defines the type of spin К 8 
motion of the electron around its axis in the orbital, 
which is either : 
* Clockwise (4 ) with m, value equals (+4). 
e Anticlockwise ( { ) with m, value equals c3. S N 


* The spin motion of the electron around its own axis in s s 


The spin motions of the two 


a certain direction results in arising a magnetic field. 
electrons of the same orbital 


* The opposite spin motion of the two electrons of 
the same orbital around their own axes results in arising two magnetic fields 


in two opposite directions (spin-paired state) ( {} ). 


*X Orbitals have three different possibilities depending on the number of electrons 


located in them as follows : 


| [] Empty orbital. 


| Half filled orbital contains a single (unpaired) electron. 


| Completely filled orbital contains 2 (paired) electrons that have opposite 
spinning directions (spin-paired state). 


(hie) Hg p) OW. ees. „ә! 57 
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2 G.R. Although the two electrons which are found in the same orbital carry the same 
negative charge, they don't repel each other. 


Because the magnetic field which arises from the spinning of one electron is in a direction 
opposing the direction of the other magnetic field arising from the spinning of the other 


electron and that decreases the repulsive force between the two electrons. 


lex Worked| Example 


Two electrons in the same atom lie in the second orbital of the same sublevel p in 
the same principal level M 


Write the four quantum numbers of the two electrons. 


Idea of answering : —— — —— 

2 The principal level is M 

2. The principal quantum number (n) of each of them is 3 

+: The sublevel is p 

-. The secondary (subsidiary) quantum number (b of each of them is 1 
+: They both lie in the second orbital. 


<- The magnetic quantum number (my) of each of them is 0 
+: The two electrons in the same orbital are opposite in spin motion. 


2. The spin quantum number (m,) of one of them is G4) and that of the other is c1. 


Answer : 
ч — 

The four quantum numbers n | { | m | m, 
First electron a | 0 | +} | 
= = 4 
Second electron 3 | 1 | 0 | -} | 

| € I 

(88 
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2 EI 
Multiple choice questions © E 


[1] The maximum possible value of the principal quantum number (n) in 

the heaviest known atom in its ground state is ........... 

Q5 (56 97 or 
The maximum number of electrons which saturate the principal energy level (n) 
is given from the relation -.......... 


2n n»? © 2n? @ (п)? 
[3] What is the quantum number whose value may never be zero or a fraction ? 

(3) Principal. (b) Subsidiary. © Magnetic. @ Spin. 
The principal quantum number (n) of the electron of the sublevel 3s! equals -........-- 
@0 OF ©2 3 
Ө The symbols s, р, d, f indicate ........ 

(3) principal energy levels. 
(5) energy sublevels. 


© the number of orbitals of the sublevel. 
(d) the number of single electrons in the individual sublevel. 


G What is the symbol of the principal level which contains s, p and d sublevels only ? 
GL (5M ()N @к 


E When (n = 2), then one of the possible values of the subsidiary quantum number 


9-2 ($0 ©» @2 
£j What is the quantum number whose value for an electron in the principal 
energy level (L) is -1 ? 


@ Principal. (6) Subsidiary. (©) Magnetic. (d) Spin. 
© The number of orbitals in each principal energy level (n) equals .......... 
OLY ®n-1 © 3n? @ 2n2 
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() The number of orbitals of the principal level N equals ------------ 

1 (9 (©) 14 @ 16 
ff] The orbitals in the same sublevel are ........... 

(а) different in energy. (b) equal in energy. 

© different in shape. @ different in size. 


{Ё) What is the maximum number of electrons required to saturate one orbital in 
4f sublevel ? 


(2) 2e- ©) 7е- © 10е- (9) 14е- 
{Æ What are the similar quantum numbers between the 2 electrons of the two orbitals 

2р! 2p, 3 

@n,m,,l @®n,l,m,m, (On,m, @n,m,l 
Which of the following quantum numbers its (their) values are never negative ? 

© n only. (Б) only. Om, m, @n,l 


{5 The least possible value for the subsidiary quantum number of the electron whose 
magnetic quantum number (m, = – 1) is -------. 


20 (1 (2 (3 
{D The highest value for the quantum number m, of an electron found in the third 
principal energy level is .......... 


(3)0 (51 (942 @ +3 


(E) What are the three quantum numbers which are included in the solution of the wave 
equation to explain the behavior of the electron in hydrogen atom ? 


@n,l,m, ©ту, m, m, 
(On, f. m @l, m, m, 
When the electron in hydrogen atom transfers from 4d to 2s, the emitted photon is 
in the form of 
(3) infrared ray. (6) ultraviolet ray. © visible light. @ X ray. 


(0 All the following describe the sublevel s , except that ............... 
(а) it is found in all principal energy levels of the atom. 


© its size increases by increasing the value of n 
© its electron capacity increases by increasing the value of n 
(4) its shape does not change by changing the value of n 


| о 
N 


Sea 
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Ø What is the sublevel in which the last electron has the two quantum numbers 
(022,020)? 
(8) 2s (b) 2p (©) Is @ 3р 


Ё Which of the following can be concluded from the relation : 2| «125? 

j (2) This sublevel is saturated with 10e- 

(b) This sublevel is found in the second principal energy level. 

© The maximum value of the magnetic quantum number of the electrons of this sublevel is -3 


@ The maximum number of electrons which saturate this sublevel is 5e7 


The electron which has the two quantum numbers (n = 3 , m, = +2) must have 
the value ............... 


Om=+F — Ol=1 ©l=0 @l=2 
[23] Which of the following represents an electron in an atom ? 
It is found in ............... 


@ the principal energy level L , and its subsidiary quantum number is 2 
© the principal energy level K , and its magnetic quantum number is +1 
© the principal energy level M , and its subsidiary quantum number is 2 
@ the sublevel d, and its principal quantum number is 2 


Which of the following quantum numbers represent an electron in the orbital 3р, ? 
@n=3,(=2,m=-l @n=3,l=0,m,=0 
©n=3,(=0,m=+1 @n=3,l=1,m=-1 

Which of the following combinations of quantum numbers represents an electron in 
one of the orbitals of 5f sublevel ? 

@n=5 ,l=3,m=+4 TEIL 

@n=5 ,l=2,m/=-2 m= +4 
@©n=5 t=3 ‚тү=+1 ‚m, =+ 
@n=5 S4, mz -4,m,-- 


NF ы tS 


The five single electrons present in the sublevel 343 are similar in all the following, 


except the ............... 
© principal quantum number. (b) subsidiary quantum number. 
G) magnetic quantum number. (d) spin quantum number. 
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1 Atomic Structure 


The energy of the orbital (3р, ) is similar to that of the orbital ............... 


Chapter — ^ 


(à) 4p, (b) 3p, (©) 35 È 2p. 
The two orbitals (2s , 2p..) can be similar in............... 

(3) the energy. (b) the shape. 

© the number of electrons in each of them. (d) the spatial orientation. 


É The given diagram illustrates an orbital in a sublevel of an atom. 
| All the following can describe this orbital, except ............... 

(3) it becomes filled by 2 electrons. 

© it belongs to the sublevel p 

© itis one of the orbitals found in the first principal level. 


@ it is one of the orbitals found in the second principal level. 


The electrons of 54 sublevel in one of the atoms cannot have the magnetic 
quantum number ............... 


Qu (&-1 (942 @ +3 


The electron which has the magnetic quantum number (—3) 
may have the principal quantum number ............... 


@1 ®2 ©3 @4 
£9 Number of orbitals of the sublevel which has the values (п = 3), ({ = 2) іѕ.............- 
@2 з (95 Q7 


[53] The electron which has the four quantum numbers : 
(n=4 l= 3,m=+2,m = +4) is found in the sublevel ............... 


@ 3d OY ©5p Q6 
| 
Which of the following quantum numbers do not include a mistake ? 
@п=5 ‚(=2 ,m=-l ®n=3 , (20 , m2 «4 
©n=4,l=1 ,m=-2 @n=1,¢=1 , m=0 
65 Which of the following quantum numbers include a mistake ? 
@n=4 ,(=2, q=- (nz4 , (=1 ,m=0 
©n=3 ,(=0, m=! @n=2 , l=0 , m=0 


[64] 
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N 
Essay questions S = 


(fj State each of the following : 
| (1) The possible (D) values of the electrons in the principal energy level (n = 4). 


(2) The possible (mj) values of the electrons in the sublevel (d 23). 
& Show which is higher, with elucidating the reason, the maximum number 


| of electrons in the principal level (n = 2) or the maximum number of electrons 
in the sublevel (4d). 


Estimate the number of the orbitals which can be occupied by electrons 


in the principal level (n = 2). 


Estimate the number of the orbitals which are present in the sublevel 4d 


5 
Suggest the value of the subsidiary quantum number of the orbital of 4s sublevel. 


| 
The opposite diagram represents ooooooo 


the energy sublevels of 


the principal energy level (n = 4). Beau 


Complete the blank cells with the suitable 


magnetic quantum numbers (mj). Sublevel P ПОО 
E 


Suggest the reason of invalidity of each of the following sets of quantum numbers : 
(jn=3 , (23 , m=+2 

(2)n=2 , (21 , т=-2 

(3)n=1 , (20 , m=+4 ? m =+4 


Complete the following table : 


The orbital 


(3: p) YI Ge) o. sees. „ый 
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(T) The opposite figures represent 


3 different orbitals in an atom, 
complete below figures (2) and (3) Q 
with what is suitable, taking 


into consideration the sizes 


Figure (1) Figure (2) Figure (3) 
of the orbitals. 


јр а 


S 


Higher — order questions 


Answered in detail 


| Choose the correct answer e] 


What is the maximum number of electrons which can be found in the same atom and 
have the two quantum numbers (n = 4 ,/ = 1)? 


OLJ © 6e7 © 8е- @ 10е- 
What is the maximum number of electrons which have the spin quantum number 
(m, = +4) in the sublevel (l=3)? 


@®3e (5) 5e" O @ 147 
Number of the electrons which saturate each sublevel is estimated from 

the relation ............... 

@22l+1) @®2l+1) © 2n? @r 


If the number of the orbitals in a certain sublevel is X , then its subsidiary quantum 
| number equals ............... 


@+ ®2x-1 © x=! @2х-1 
2 2 


fj Which of the following charts represents the relation between (l) value and 
| the number of the orbitals in the sublevel ? 


z РА л л 
2 z Е Е 
{ $ $ $ 
= = 5 5 
© с 5 [-] 
z z A 2. 
(1) value cl) value (D) value (D) value 


@ ® © @ 
= 
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& Which of the following graphical figures represents the relation between 
the number of the electrons which fill the orbital (W) in a certain sublevel and 


the value of (/) of this sublevel ? 


s 


= ga г s 2L 
Es ЕЕ es ЕЁ 
$35 ER: 9g EE 
ош 5 5 32 Sz 
25 3% 8% 2$ 
22 LE sa 58 3 
85 — € Eom — — 

Value of (б) Value of (/) Value of (l) Value of (/) 


& The two opposite figures represent two 


different sublevels. 


What is the difference between them ? 
\ 
@ Subsidiary quantum number. ® 


(Б) Distribution of electron density. 


© Principal quantum number. 
@ Number of orbitals. 


@ Which of the following becomes saturated with the highest number of electrons ? 
(8) One of 4f orbitals. ©) 3d sublevel. 
©) Principal level (п = 2). @ One of 3d orbitals. 


E Electron (X) has the following quantum numbers : (n = 3 ,z2 »m=-1,m, =-4). 
What are the quantum numbers of the electron (Y) which have the same energy of 
the electron (X), but it differs from the electron (X) in the direction of the spin motion ? 
@п=3 ,l=2, m=- , m, =+4 (n-23, (21, my=-l , m,=-4 


©n=3 ,f=2,m=0 ,m--l @n=2,[l=1,m=0 , m =+} 


Essay question : 
& Calculate the maximum number of electrons that can be found in an atom and have 


the following quantum numbers : 


()n=3 2)n=2,l=0 
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| 
Chapter 1 С Principles of distributing electrons 


Lesson Four Boe The end of the chapter 


Atomic mass: so 948 ора 
Electronic configuration: ,8,8 


" Principles of distributing electrons 


There are some important rules, which must be considered in distributing electrons 


in the atom. These rules аге: 


ü Pauli's exclusion principle. There is another method for distributing electrons 
in the element according to the nearest noble gas 


[2] Aufbau (building-up) principle. that precedes it in the periodic table, 


a Hund's rule. this will be discussed in chapter 2 | 


тт 


1 Pauli's exclusion principle : 


n principle | 


States that it is impossible for two electrons in the same atom to have 


i the same four quantum numbers. W. Pauli 


| ae A pplication 


: The opposite table shows the two electrons of - ——1 


{ Я ара i The four quantum по. 
: the (3s) sublevel which are similar in the values va. 0 


: б “| 0 E 
і of the quantum numbers (n, mp, but they are йене 3 | 9 | 


The secondelectron 3 | 0 | 


: different in the two values of the spin quantum 


; number (m,). 
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= » Lesson Four 


Ro) Worked Example" 

Write the possible values of the four quantum numbers for each of the following : 
(a)An electron in 2p 

(b) The first electron in 44 

(c) The second electron in /5 

Answer :— — ж C 


The quantum numbers m,2-[,..,0,... 


-] or0 or +1 


The possible values 
of quantum numbers 


(b) 


In helium atom „He, ............... 


@ the values of the spin quantum number are similar. (5 m= 
© the values of the spin quantum number are different. @ту=-1 


Answer : The correct choice is ............... 


a Aufbau (building-up) principle 


Aufbau (building-up) principle : 
States that the electrons occupy the sublevels in the order of increasing their energy, 


the lowest energy sublevels are filled first. 
* Arrangement of sublevels according to their energy depends on : 
» Sum of (n+l), 
Ex. Energy of 4s sublevel is lower than that of 


3d sublevel... GR. ? 


Sublevels Sum of (n + f) 


Because the sum of (n + £) of 4s sublevel EE 
15 less than that of 3d sublevel. es 3p 34124 
* Order of the principal energy level. 8 © 4s 4+0=4 
"In case that the sum of (n + f) value is the HE 3d | 34225 


same for the two sublevels". 


[85] 
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Chapter === 


1 Atomic Structure = -— 


Ex. Energy of 3p sublevel is lower than 1 
that of 4s sublevel ... G.R. ? 
Because (n) value of 3p sublevel is lower 
than that of 4s sublevel. 


* The sequence of energy sublevels is arranged 
ascendingly according to their energy following 
the order : 
1s«2s «2p «3s «3p «4s < 3d < 4p < 5s < 4d 


«5p «6s < 4f « 5d < 6p « 7s < 5f < 6d < 7p 


* Filling the energy sublevels : 


up to up to i 
з 
(S electrons) Ф) A simplified method of filling energy sublevels 


by following the direction of the arrows 


up to up to 
3 Ф Numbers 1: "onn the sum of (n + [) 
of each sublevel" 


What is the number of the orbitals whose (n + /) is less than 5 ? 
4 (8 
©9 @10 


Answer : The correct choice is .. 


Ie Worked Example 


The opposite table shows the quantum Quantum numbers (п) (б (m) (my 

numbers of three electrons (X) , (Y) Electron (X) 4 3 0 +7 
| and (Z) in the same atom. Electron (Y) 6 0 0 m 
| Which of the following statements 1 
es Electron (Z) | 5 2 =l | A% 
| is correct ? 
| (2) The energy of electron (Y) is higher than that of electron (X). 

(b) The energy of electron (X) equals that of electron (Z). 

(€) The energy of electron (Z) is higher than that of electron (Y). 

(d) The energy of electron (Y) is higher than that of electron (Z). 

70 

4 
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Idea of answering : = 


x The energy of the electron increases with increasing the value of (n + b and vice versa. 


Electron (X) (Y) 


(7) | 


(n + £) value 4+3=7 6+0=6 | 5+2=7 | 


+: The energy of electron (Y) is lower than those of both (X) and (Z). 
2. The choices (a) and (d) are excluded. 


` The (n) value of electron (Z) is higher than that of electron (X). 
2. The energy of electron (Z) is higher than that of electron (X). 


2. The choice (5) is excluded. 
| 
| Answer : The correct choice is (9 


\ 


* The electronic configuration of an energy sublevel can be expressed as follows : 


Number of electrons 
in the orbitals of the sublevel 
Principal ү 42 рб 
energy level (n) 
А хы Energy sublevel 


EO) WorkedExample 


Write the electronic configuration for the following elements, according to 
| the building-up principle : 
РТ (2) Ca (3) Ge 
| Answer : <. —_——— ӨР 


( Na: Js? , 25? , 2p”, 3s! 
Q) „Са: 1s? 28”, 2p, 35°, 3p° 4s? 
3) „бе: 19? 257, 2p, 38, p! as? 3a!?, dp?” 
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Сһарїег = 


1 Atomic Structure j 


Notes = - 
* The elements whose valence electrons are present in sublevels (n)s, (п—1)@ lixe : 
| 


2180: Is” , 2s? , 2p® , 35? ‚3р5 , agi, 3a! 


tend during the chemical reactions to lose the electrons of the lower energy 
(n)s sublevel (which is farther from the nucleus) first, then those of the higher energy 


(n-1)d sublevel (which is closer to the nucleus). 


* It is clear in the electronic configuration of manganese element ,,Mn that : 
a Mn : Is” , 25 , 2p® , 39? , 3pf , 49! , 3d? 
* The farthest electron from the nucleus occupies the sublevel 4s 


* The last electron in the atom occupies the sublevel 3d 


9) Worked Example 


The electronic configuration of zinc atom 3,Zn is represented as follows : 
7л: 157,257, 2р, 357, 3р, 4s, 341 
| Conclude the quantum numbers of : 
(1) The last electron with the highest energy in the atom of this element. 
(2) The farthest electron from the nucleus of the atom of this element. 


| 
Answer : 


| (0223,52 m2 mo -1 з" 
4s? 


(2)n=4,l=0,m=0,m,=- 
| 


со 
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» Lesson Four 


Bm 


à Hund's rule : 


: States that no electron pairing takes place in a given sublevel 


! until each orbital contains one electron. 


• Rules of filling the energy sublevels with electrons, according to Hund's гше: 


Rules Applications 
" 2p 3d 
The orbitals of the same sublevel are equal | | 
in their energy The three 2p orbitals The five 3d orbitals 
are equal in energy are equal in energy 


The orbitals of the same sublevel are filled 


successively by the unpaired electrons firstly, 


the spinning of single electrons is The successive filling of p orbitals with 


m ы " unpaired electrons first 
in the same direction M i 


Electron pairing takes place in the orbitals of 
the same sublevel after occupying all orbitals 
by the unpaired electrons first, and these 
paired electrons have opposite spin directions 
(being in a spin-paired state) 


| “According to Pauli’s exclusion principle” 
— 


| The electron prefers to be paired with another 


electron in one orbital of the same sublevel 


rather than being transferred to a higher 


A, 


The electronic configuration of beryllium atom „Be 


energy sublevel «According to Hund's rule» 


Qe io en eh) oil. elas „ый 
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\ 
11 Atomic Structure. — —— 


7) G.R. (1) The spinning of the single (unpaired) electrons in the orbitals of the 
sublevel is in the same direction. 


% 


Because this state gives the atom maximum stability. 


[ETT] 
K J 
(2) The electron prefers to occupy a separate empty orbital in the same sublevel 
rather than pairing with another one in the same orbital. 


Because when two electrons are paired in one orbital, (despite their opposite 
spinning), there must be a repulsive force that decreases the stability of the 
atom (increasing its energy). 


X J 


(3) The electron prefers pairing with another one in an orbital in the same 
sublevel rather than travelling to the higher energy sublevel. 


Because the required energy to overcome the repulsive force between the two paired 
electrons is less than that required for travelling to a higher energy sublevel. 


amm 
р 5 р 
X / 


| | HET 
| ШШШ | n 


The electronic distríbution f The electronic distribution А The electronic distribution 


obeys Aufbau principle, | obeys Pauli's exclusion | obeys both Aufbau 
principle, and Pauli's 
exclusion principle, but 


| 

| but violates Pauli’s ; principle, but violates 
| d 

| violates Hund's rule 


exclusion principle А Aufbau principle 


== 
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NOS Application 


The electronic configuration of some elements according to building-up principle and 
Hund’s гше: 


Atomic Electronic configuration Electronic configuration 
Element ^ number according to building-up principle according to Hund’s rule 
—ү— —— == 
(Hydrogen 1 
1 Is 
n: 
Helium 
„He 2 Is? 
" 
— g 15, 25! 
зи 
В 
с 5 1s? , 2s? , 2p! 
3B m 
I-— —L — 
| С 
| Pa 6 152 ‚252 , 2p? 
Nitrogen 3 
7 Is? , 2s? , 2p 
;N 
1 
z 
Fluorine | 
"2 К. Is? ‚257 ‚2р? 
L | 
- | 
| 
Neon 
PEE Is? , 28? , 2pf 
| Is? , 252, 2р2, 2р2, 2р2 
2 y z 
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Chapter "== 


1 Atomic Structure 


Quantum numbers of electrons of carbon atom (С : 
«С: 182,25 „27 


КӨ) Worked Examples 


© Predict the possible quantum numbers of the valence electrons of vanadium element 33V 
Answer : 


* Electronic configuration of the atom of ?,V is : 1s? ‚257 ‚2рб „382, зрб ‚ 402,3 
* The possible quantum numbers аге : 


Da=4,l=0,m=0,m, =+} @n=4,l=0,m=0,m,=-4 

n=3,l=2,m=-2,m =+} (3)n-3,l-2,mz-1,m,- «1 
1 

($jn23,l-2,mipz0,m,-*5 


@ Three elements (X) , (Y) and (7): 
а Element (X) : Its principal energy level (п = 3) contains 3 electrons. 
| * Element (Y) : Its last sublevel is 3s which is half filled with electrons. 
| «Element (2) : Its electronic configuration is 1s? , 2s? , 25? 


| Which of the following are the atomic numbers of (X) , (Y) and (Z) ? 
Choices x) (ү) (2) 
| © | H 7 | 13 
| ® | m 13 7 
| ©_ l- 13 m 1 
| АЕ © nw 13 7 1 
[76] 
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- pb Lesson Four 


Idea of answering : - 
+ The electronic configuration of element (X) is : Is , 2s , 2p° , 3s? , 3p! 
2. The atomic number of element (X) = 13 


<. The choices (а) and (b) are excluded. 


+’ The electronic configuration of element (Y) is : 7 52,252 „2р ‚ 35! 
2. The atomic number of element (Y) = 11 


2. The choice (d) is excluded. 


“+ The electronic configuration of element (Z) is : 157 ‚257 , 2p? 


2. The atomic number of element (Z) = 7 


Answer : The correct choice is (c) 


@ An element (X) whose electrons are distributed in four principal energy levels, 
and its last energy level contains 6 electrons : 
(1) Write the full electronic configuration of the ion (x). 


|. (2) What is the number of the unpaired electrons in the last sublevel in the atom 


| of this element ? 


(3) What are the quantum numbers of the last electron in the atom of this element ? 


| Answer : — —— m —— 


(1) ^ The full electronic configuration of the element atom (X) : 
Is? ‚257 ‚2р® , 35? ‚3р® ‚457 , 3a! , 4p* 
<. The full electronic configuration of the ion (x2 Е 


Is? , 2s? , 2p® , 3s? , 3pÓ , 45? , 3a!” , 4р? 


(2) 2 unpaired electrons. 


Ow ТТ] n24. 091 m1 m7 -7 
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Chapter 1 Lesson Four 


Multiple choice questions ©, 


Pauli's exclusion principle 


The two electrons of 3s sublevel differ in the ------------ 

(3) principal quantum number. (b) subsidiary quantum number. 

© magnetic quantum number. @ spin quantum number. 

Which of the following statements is correct ? 

(3) It is possible sometimes to determine the position and the speed of the electron 
together precisely at the same time. 

(5) The sizes of the orbitals of the same atom are similar. 


(€) The probability of the presence of the electron in the spaces between the energy levels 
increases. 


(d) The two electrons of helium do not have the same four quantum numbers. 


g If two electrons have the same four quantum numbers, it means that these two 
electrons are found in ............... 


@) the same principal level. (b) two different atoms. 
© the same orbital. @ the same sublevel. 


The two electrons іп the same atom which have the same / , m, values are located 


(2) sublevel but in two different orbitals. 

(5) principal level but in two different sublevels. 
© orbital. 

@ principal level but in two different orbitals. 


Я The values of the spin quantum number of the electrons of the orbitals of the same 

sublevel differ when the number of its electrons ............... 

equals half the number of the orbitals. (5) is higher than the number of the orbitals: 
© is lower than the number of the orbitals. (9) equals the number of the orbitals. 
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Aufbau (Building up) principle 
[5] (n + b represents the energy of the ........... 


(3) sublevel. (5) atom. © principal level. @ electron cloud. 
When the .27sublevel is completely filled with electrons, the new electron occupies 
(3) 4s sublevel. ©) 4p sublevel. © 4d sublevel. (d) 4f sublevel. 


В If the energy sublevel d in an atom contains 8e~, so the number of its half filled orbitals 


Gi 52 (94 (à) 5 

@ What is the number of the completely filled orbitals in a carbon atom ¿C in its ground state ? 
Qi (52 ©з @5 

@ The total number of the half filled orbitals in ,Е atom in its ground state is .......... 
Q1 2 ©з @5 

@] Which of the following sublevels has the least energy ? 
@ns @®(п-1)р © (n - 2d Q) (n - 3)p 


According to the building-up principle, ............... 

(3) it is impossible to determine both the position and the speed of the nuclear particles 
together precisely. 

(©) the electron occupies the orbital with the lower energy first. 

(S) the orbital contains mostly 2 electrons. 

(d) the electrons occupy the equal energy orbitals singly first before being paired. 


© Which is easier, losing an electron from 3d or from 4s ? 
(3) From 4s, as it is closer to the nucleus than 3d 

(5) From 3d, as it is closer to the nucleus than 4s 

(©) From 4s, as it is farther from the nucleus than 34 

(d) From 3d, as it is farther from the nucleus than 4s 


© What is the number of the electrons which have magnetic quantum number (m, = 0) 
in cobalt (П) ion „„Со2+ ? 


(OK (5) 8e © 10e @ le 
(S The total number of the orbitals which are filled with electrons in the two energy 
levels (М + L) of the atom of argon ;sAr іѕ............... 


@4 (58 ©9 @ 13 


[75] 
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Chapter == 


1 Atomic Structure 


(G Which of the following represents the possible quantum numbers of the last 
electron in oxygen atom ? 


@n=2 , l=1 , m= , m =+} 
Qn-2 , l=1 , m=+ , т=-1 
©n=2 , l=1 , т=-1 , m =+} 
@n=2 , l=1 , m=- , m =-4 


Which of the following are the possible quantum numbers of the last electron which 
has the highest energy in vanadium ,,V atom ? 


@n=3 , (=2 $ m,=0 E m =+4 

= эй = rM | 
®@n=3 , (=2 , mp0 , m--J 
©n=4 , l=0 , m=0 , m =+4 
@n=4 , l=0 , ш,=+1 " m =-4 


(9 Which of the following are the quantum numbers of the 19"" electron in the atom of 
chromium „Сг ? 


@n=3 , l=0 , mp0 , m =+4 
()n-23 , (=2 , m=-2 А m=+} 
()nz4 Е [20 í m=0 А m,=+4 
@n=4 , l=1 , m=-1 , m =+} 


{9 Which of the following combinations of quantum numbers represents the single 
electron in the atom of gallium element ,,Ga ? 


+] 

Choices n l (mp (mj) 
(a) 3 1 +1 + + 

1 

® 4 0 0 =4 
© 4 1 -1 +4 

1 

© 4 | 2 +1 +1 


Ё) Which of the electrons that have the following quantum numbers has the highest energy ? 


@n=3 , (=2 " m,= +1 У т,=+ 1. 
@n=4 , (22 , ш=-1 , m=+4 
@©n=4 , ls1 , m,=0 ; m,--4 
@n=5 , (20 , m=0 , m-«i 


(86) 


E 
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Ё What is the number of the electrons which have the principal quantum number 

|| (n24) in the atom of potassium element „К ? 

(9 le © 2e^ © 3e (@ 4е7 

#9 What is the number of the electrons which have the same land m, values in the atom 


of the element ,:X ? 


@3e ®5e7 © 9е7 (d) 15e 


£ The opposite table represents the | — | K | L Е | N | 


number of electrons which are present in | | 
the principal energy levels of an atom of | Number af electrons | 2 | ЫБЫЗ s 


an element in its ground state. 
What is the number of the electrons which have a subsidiary quantum number (2)? 


(8) 8е- (Б) 1067 © 12e (@ 20e7 
What is the atomic number of the element whose electrons occupy 8 orbitals ? 
@8 (5 14 (915 @ 26 


& Which of the following is the number of the completely filled orbitals in an element ? 
What is the atomic number of this element ? 


| Choices| Number of the completely filled orbitals | Atomic number 
9 25 
| | 10 20 
|| © | 


| 

| 
© 12 22 
@ 13 te 24 


F) The number of the orbitals which are half filled with electrons equals the numerical 
value of the principal quantum number of the electrons of the last energy sublevel in 


| 
the atom of the element .............. 


rey 
y N О) #0 © oF @ nc 
What is the number of the electrons which can have the magnetic quantum 


number -3 in the sublevel 4f? ? 


G)1e (6) 2е7 © 3е7 @ 4е- 


Асрро (p) o. LS polll 81 
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Chapter = 


1 Atomic Structure 


An element its valence shell contains a number of electrons equals each of : 
* Number of the principal levels. 

* Number of the sublevels. 

* Number of its orbitals. 

What is the symbol of this element ? 


ORS (5 He © Be ©N 


In iron element „Ее, the number of the half filled orbitals is equal to the value 
| of one of the quantum numbers of the farthest electron from the nucleus. 
Which of the following is this quantum number ? 

(3) Principal quantum number. (b) Subsidiary quantum number. 


© Magnetic quantum number. @ Spin quantum number. 


& What is the number of electrons of the penultimate principal energy level of 
the element whose atomic number is 28 ? 


(32e (58e © 14е- (3) 16е- 


@ What is the electronic configuration of the outermost (third) energy level of a stable 
atom that has 7 valence electrons ? 


(3) 3s! , 3pf (Б) 3s! , 3p*, 3d? © 322, 3p? (3) 3s?, 2p*, за! 
£9 What is the electronic configuration which represents an excited atom ? 

(3) 17 ‚25! © Is? ‚257 ,2p6 , 352 

© Is? , 2s? , 2p? , 3s! @ Is? , 2s? , 2p? 

Hund’s rule 


Æ According to Hund's rule, the electron configuration of nitrogen element GN) is 7 
(31s ‚257 , 2p? 02,5 

(91s ‚2, 2p! , 2p! , 2р! @ 1s? , 2s! , 2p? 

According to Hund's rule the electronic configuration of the last energy level of ¿0 is ~~~" 


Ze[A [T] Н 20 HET T] » 


2} |22, 2P, 2p, 2s [4] |2 2Py 2p. 2s| 4| 2p. 22, 22, 25 [4] 20, 22 2: 
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» Lesson Four 


£g The presence of 3 unpaired electrons in phosphorus atom |Р in its ground state can 


be explained Бу... 
(a) Pauli's exclusion principle. (Б) Hund's rule. 
© the uncertainty principle. @ Aufbau principle. 


Which of the following violates Pauli's principle ? 


om LI om (HET 
om 90 om [f 


& This configuration of fluorine atom „Е in 
р 9 

its stable state does not obey ............... 

(3) Aufbau principle only. 

(Б) Hund's rule only. 

(©) exclusion principle only. 

(8) both Hund's rule and exclusion principle. 


Essay questions 


Reuse the opposite figure of the three axes 
to draw the shapes of the sublevels in 


the principal level (n = 2). 


ea Eee oy 
П 


According to Pauli's exclusion principle, по two electrons 
in the same atom can have the same four quantum numbers. 
What are the similarities between the possibilities of the quantum numbers of two 
electrons found in the orbitals of 2p sublevel ? In what may they differ ? 


Apply Pauli's principle to the two electrons of the last orbital of chloride ion ,,CI 


Illustrate with explanation whether each of Pauli's principle and Hund's rule is 


applied to each of the following cases : 


OMETH e 


Deduce the atomic number of the element whose last electron has the quantum numbers : 


(n22, (=1 ‚тр=+1 mc 


[55] 
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5 
Б 1 
E Atomic Structure 


What is the maximum number of electrons in an atom in which the last electron with 
the highest energy has the two quantum numbers : 
1 


()n23,m.-4j (0) п=4,ту=+3 


An element (X) its electrons are distributed in four principal energy levels, 

the last level contains a number of electrons equals double the number of 

electrons of the energy level K : 

(1) Write the full electronic configuration of the element (X) according to Aufbau 
principle. 


(2) What are the quantum numbers of the electron in the last energy sublevel 


in the atom of this element ? 


Choose the correct answer : | 


The two electrons, found in the same sublevel, which have the same m, value must 
| differ in the value(s) of ............... 
| (3) п only. © (опу. 
© m, only. @ land m 


which contains 15 completely filled and 2 half filled orbitals ? 
(2)2e€ (b) 3e 
© 4e (5e 


| 
| 
What is the number of electrons of the last principal energy level in the element 
| 
| 


Which of the following charts represents the relation between (X) which represents 
| the number of the electrons of the sublevel 3d and (Y) which represents the number 
| of the single (unpaired) electrons in this sublevel ? 


(у) 
4 
| 


(ү) (ү) (ү) 
NZ. (х) lA. (x) K (х) ИЕ [A 
(©) © © 


© 


| 
! 
| 
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@ 7 The last energy sublevel іп an element consists of 3 orbitals X, Y and Z containing 
only one electron, and the value (n + L) of this sublevel equals 5 
What is the atomic number of this element ? 


@ 19 (5) 31 (©) 33 @ 41 

An element (X), the principal quantum number of its farthest electron from 

the nucleus is (n = 4), if the number of electrons found in the energy level M is double 
their number in the level L 

What is the atomic number of (X) ? 


@ 18 © 26 ©28 @ 36 


S) The atom of element (X) has 3 occupied principal levels, and the summation of 


a 


the spin quantum numbers of its valence electrons is 14 
(assuming the possibility of summation). 
What is the atomic number of element (X) ? 


@ 14 (5) 15 © 18 @ 23 


& The last sublevel іп ХЗ? ion is 2p$ 

What is the number of the half filled orbitals in the atom of (X) ? 

| @Zero (1 ©2 @3 

g Which of the following represents the electronic configuration of the atom of 


gallium Ga in its excited state ? 
| @2,8,17,3 (6)2,8,17,4 ©2,8, 18,3 @2,8, 18,4 


Which of the following represents the spin motion of the electrons of the last 
| energy sublevel їп Ar atom ? 


© ® 
© et 


According to Hund's rule and Pauli's exclusion principle, the last two electrons 


in 3d sublevel in the atom of the element ,,X are different in the two quantum 


numbers ............... 


@land m, (5) n and m, ©! and m, (d) m, and m, 
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2 


on Chapter 1 


Choose the correct answer for the questions @ : @) к ы. —— 


@ A student has presumed wrongly that the two electrons (X) and (Y) which are 
in the same atom have the following quantum numbers : 
• Electron (X:n24 , /20 , mj-0, m =+4 


» Electron (Y):n=4 , (20 , m=0, m,=+4 


What is the rule or the principle which explains this mistake ? 
(3) Pauli's exclusion principle. (b) Aufbau principle. 
(©) Hund's rule. (d) Uncertainty principle. 


Ө The number of the orbitals of the sublevel which has the two values (n = 4 , 1-3) 


@ What does the opposite figure 
E represent ? >= ®@ 
The structure of helium atom „Не 


(5) The two electrons of p, are in a spin-paired state. 
©) The two electrons of the same orbital carry the same charge. 
(d) Hund's rule. 


© What is the atomic number of the element whose level which has the principal 
quantum number (n = 3) contains 13 electrons ? 

(217 

(b) 23 

(925 

@ 43 
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Exam model on the c 


(5] The opposite figure demonstrates | 

the energy levels of a hypothetical atom, | N NOUS 

if an electron transfers from the energy E эю 

level M to K, then it ............... L -10х10719) | 

@) acquires an amount of energy 
equals 5 x 10719] 


-19 


; K = 
(B) acquires an amount of energy iat dé. 
equals 12 x 1079 J 
© loses an amount of energy equals 5 x 1077? J 


@ loses an amount of energy equals 12 x 1077? J 


(6] An electron with the quantum numbers : 
(п=4 ‚{=1 ‚ш,=-1 m,244. 
What is the sublevel of this electron ? 


G) 4s (9 4p @ 4d @4 


@ What is the maximum number of electrons that can have the quantum numbers 
(n23,/-1 m,--1) in the same atom ? 

(2) 10е- 

(b) 6e 

(94e 

(@ 2е- 

© The electrons of the last energy level in neon 10Че atom occupy several orbitals 


which have two different shapes. 
Which of the following represents correctly one of these orbitals ? 


Choices | Shape of the orbital | Energy of this orbital compared to the other orbitals 


(©) Q Higher than or equal to them 


Higher than or equal to them 


Lower than or equal to them 


Lower than or equal to them 


©] © 
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1 Atomic Structure 


o The number of the electrons found in the orbitals of s sublevel equals that found in 


the orbitals of p sublevel іп the atom of ............... 
(9 18 © „Мв © Ma op 


© On comparing the energy and the charge of the electrons in the energy level L in 
beryllium Be atom to those of the electrons of the energy level K 
they are found to have ............... 


(3) lower energy but the same charge. (b) higher energy but the same charge. 


© lower energy but the same (n) value. (d) higher energy but the same (n) value. 


(11) Which of the following electronic configurations violates Aufbau principle 2 


e W HLI em HW LLU 
eld ul eu ИГҮ 


@ Which of the following sets of quantum numbers expresses the electron 
of an excited hydrogen atom ? 

@n=4 , [23 , m= @n=4 , 
©a=5 , l=-1 , m= +2 ()n-23 , 


(5 What is the maximum number of electrons in an atom which has the two quantum 
numbers (n = 2 ,/ - 1)? 


@2 (54 (6 @ 10 


Q What is the correct order of the orbitals in titanium 231i atom according to 
the increase of energy ? 

(3) 3s « 3p « 3d « 4s (b) 3s < 3p « 4s < 3d 

© 3s « 4s « 3p « 3d (d) 4s < 3s < 3p < 3d 


© Which of the following electronic configurations represents the ground state of 


an atom that contains 8 electrons ? 


ФНО 
ФМО [4] 
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Exam model on the 


@ What is the atomic number of the atom of the element whose orbitals contain 
3 unpaired electrons ? 

@5 © 13 

©1s @21 


@) Which of the following transfers in hydrogen atom produces the largest 
quantum of energy ? 

G) (02 7) —- (n - 6) (5 (п = 6 —= (n7 5) 

© (n2 4) —e (n 23) @ (022) —- (n= 1) 


(18] Which of the following represents the electronic configuration of an excited 


phosphorus atom ? 


@ Is? , 2s? , 2pf , 35? , 3p? © 1s? ,2s? , 2pf , 3s”, 3p] „3р! 3p] 
© Is? ‚257 , 26 , 35? , 3p? ‚45! @ 15? , 2s? ‚2р5 32 ,3p| AAT ] 


(19] Among the modifications introduced by the modern atomic theory to the older 
theories is ............... 
(3) it is impossible to determine both the position and speed of the 11" electron 
in ,,Na atom precisely at the same time. 
(b) the electron is negatively charged. 
(c) most of the atomic volume is an empty space. 


(d) the spaces between energy levels are forbidden for the electrons. 


®© The opposite electronic configuration ENED 


Violates .............. 

(3) Aufbau principle only. 

(5) Pauli's exclusion principle only. 
(©) Hund's rule only. 

@ Pauli’s principle and Hund’s rule. 


(Qi (ge) OW 5 poll! 


Scanned with CamScanner 


Chapter ==. 


1 Atomic Structure 


[ Answer the essay questions e i @ 


@ The scientists discovered the presence of the electrons, 


+ 
protons and neutrons in the atom during 
the centuries 19 and 20, 


if a beam of each of them is passed through an electric field t 


(as in the opposite figure). Beam of particles 
In which direction will the deflection be ? Explain. 


B Compare between Thomson's atomic model and Rutherford's atomic model 
in 2 points only. 


© in the opposite figure : 


Which of the two processes is 
| (X) and (Y) requires losing energy ? S 

What is the scientific term of this amount of energy in Я 

the light of Bohr's theory ? "dog Ito 
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The Periodic Table and 
Classification of Elements 


From: The long form (modern) periodic table. 
Until: Before trends and periodicity of properties in 
the periodic table. 
? Exam models on the second month. 
From: Trends and periodicity of properties in the periodic table. 
Until: Before metallic and nonmetallic property. 


From: Metallic and nonmetallic property. 
essony areg Until: Before the oxidation numbers. 


From: The oxidation numbers. 


Until: The end of the chapter. 


Exam model on the chapter 


» Learning outcomes 

By the end of this chapter, the student will be able to : 

» Describe the long form periodic table. 

» Arrange the energy sublevels according to the building-up principle. 

» Identify the type of the element and its properties from its location in the table. 

» Calculate the atomic radius by using bond length. 

= Explain the factors affecting the atomic radius across the periods and groups. 

„ Define the location of the four blocks of the table. 

„ Find the relationship between the electronic configuration of the elements of the same groups. 

» Define the atomic radius, ionization energy, electron affinity and electronegativity. 

= Compare between the electron affinity and electronegativity. 

« Identify the location of metals and nonmetals. А 

„ Find the relationship between atomic radius, ionization energy and electron affinity in 
metals and nonmetals. m 

« Identify the relationship between the atomic radius and the acidic and basic properties. 

« Discuss the ionization of acids and bases as hydroxyl compounds. 


s Calculate the oxidation number. — ` 
„ Explain the oxidation and reduction їп different reactions. 
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Chapter 2 52 The long form (modern) periodic table * 


Lesson One СП Before trends and periodicity of properties in the periodie 


The modern periodic table 


The modern periodic table consists - as shown on the previous page - of : 


» 7 periods (horizontal rows). e 18 groups (vertical columns). 
The elements are arranged ascendingly according to : The atom is electrically neutral 
e Their atomic numbers (number of protons). (in its elemental state) because 
P ber of positive protons equals 
ce of filling energy sublevels mum po P q 
* The sequen E EY number of negative electrons 


with electrons according to Aufbau (the building-up) 
principle, where each element has one more electron 
than the element which precedes it in the same period. 


- m o [Number of 
jPeriods| (1) (18) | elements 
S ША IVA VA VIA МПА | Is 2 
Pedo ps 2) 5 аз) d$ d9 ө m 

[^7 | 1 
24 period| 2s 65--- 4f--- 5d--- 6p БЕШ 2 1 d ug 
7з--- 5f --- 6d ---7p JU 
1d ir УШ | S| [- 2071] mE 5 A 
3 i ув ув VIB УШЫ ——— 18 UB | 3p >| 
Rae] Б у w c © o & o d» w ay LILI 
[^ Г Jf 
th ror if ] [ аё 
4 4 v 3d >< 4р >| 18 
кы S JC ULL | | it 
sb period | 55 pe | a | >I 3p ERE" 
di Ji | ИШЕ | JU 
If "ME A MT } [ f 
eth 4 -jL—5d Hi in H 32 
"T ®‹ ажо] акы ш 24 JL 
ilg Y k f 
79 peri -ód \- - |. | —Ip >| 32 
prod И K JL me JL 
pn rm 
A n Баа заи JH of tt an | [шей | ө 
JU MU JU 
2r BR 
7 |<—}— [ L—1—]1—3/ —1—71|- JH 44|» 
J L JU 


The modern periodic table 


Scanned with CamScanner 


Chapter === 


2 The Periodic Table and Classification of Elements. ———— ee 


Each period begins by filling a new principal energy level with one electron, 
then filling the energy sublevels lying in the same principal energy level successively, 
until we reach the last element in the period which is a noble gas in which all the levels 


are completely filled with electrons. 


( Elements of the same period | 


* Similar in their chemical properties, * Different in their chemical properties, 


as they are similar in the electronic as they are different in the electronic 
configuration of the last level configuration of the last level 
(the valence shell). (the valence shell). 
* Different in the principal quantum * Similar in the principal quantum 
number (n) of this outermost energy level. 


КЭ Test voursor | 

The chemical properties are much alike in the two elements 
@ sAr. 01 

© Me .F 

© „Ма, „К 

@ „Са. „5с 


number (n) of this outermost energy level. 


Answer : The correct choice is ............... 
* The modern periodic table consists of 118 elements distributed in seven horizontal 
periods, as follows : 


Period | 


Sixth | Seventh 
Number of elements 


neea a 
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The elements blocks of the modern periodic table 


e The table is divided into four main blocks, these blocks are : 


Ds-block. Я p-block. Qa-block. QEblock. 
«s-block elements» «p-block elements » 
=A эмы ара ——— 6 groups 
ш (3 «d-block elements» ш [| ш B in 
B Е === 10 columns —— — — [53 A B иш 


E jmmmmmmEEHH EB 
d ЕЕЕ ЕЕЕ 
R 


«f-block elements » 


The blocks of the modern periodic table 
* Each block of elements in the periodic table contains a number of vertical groups equals 
the number of the electrons which fill the sublevel of the block. 


@ s-block elements 
* They are placed in the left side ns! 


of the table. a — ШТ 


* The s-block contains the elements 
Whose outermost electrons occupy 
the "s" sublevel «except $He». 


* The s-block consists of two groups 
9f elements, they are : 
- LA whose electronic configuration 


Q o 
oo ааваа 


ends with ns” 
- 24 whose electronic configuration 
ends with ns? 


* Where "л" stands for the number of 
the outermost energy level as well as 
the number of the period. 


O000000000G000G000 
OOO00000G00G0000 
S5g8g899000000000 


oo 
Od Ü 
adoococgo09008s0585 

Oo 

OO 


‘роороовооообббо 
ODOODOODOOOODOOD 


The two groups of s-block 


Scanned with CamScanner 


Chapter === 


2 The Periodic Table and Classification of Elements 


2) p-block elements 


e They occupy the right side of the table. 

e The p-block includes the elements whose outermost electrons occupy the "р" sublevel and 
their electronic configurations end with (ns? а пр! 26), (except helium 152). 

• The p-block consists of six groups, characterized by the letter "А" except "group zero", 


as follows : 


V 


| | a 
| ISS 


000 


Qoa 
Good 


O00! 


poni 
ооо 


О 


роророоЭбар 
OG000000000 


The groups v p-block 


КЭ Test Yourself | 
Which of the following graphical figures represents the number of the unpaired 
electrons in the orbitals of 3p sublevel of some elements of the third period in 


боо 
OOo 


Number of uopaced Number of unpaired Number of unpaired Number of unpaired 
елге s tp electrons in Jp electrons in Jp electrons in Jp. 
"a 
| f 
| oe Number Number Number 
эи @ 1517 18 -oub uh b dpa зи © То 17 18 of protons 13 14 15 16 17 18 of protons nu © 16 17 18 of protons 


Answer : The correct choice is ............... 


ЕЗ 
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— ess » Lesson 


d-block elements 


They occupy the middle of the table. 

e The d-block contains the elements in which the "d" sublevel is filled successively by 
electrons and their electronic configurations end with (s^ ^ ‚(л—1)4°°). 

» The d-block consists of "10" vertical columns representing "8" groups which are characterized 
by the symbol "B" except eighth group (VIII) which consists of "3" vertical columns. 

The d-block elements are classified according to the number of the outermost energy level 


and the period number into 4 series (each contains 10 elements), among them аге: 


(n- I (n- D (n-. rid (п-а? (n- nnd? (п-1)4* (п-1)47 (п-1)4* (n-1)d” (n-nd 
| I 


The first transition series || 9' 
The second transition series | 
The third transition series || © Br — 


imm 
56600000555550 
The groups of d-block 


0 The first transition series : 
% It includes the elements in which the "34" sublevel is filled successively. 


s It lies in the fourth period and includes the elements from scandium (, ,Sc) to zinc (3021). 


6 The second transition series : 
» И includes the elements in which the "4d" sublevel is filled successively. 


s It lies in the fifth period and includes the elements from yttrium (зҮ) to cadmium (4gCd). 


Ө The third transition series : 
s It includes the elements in which the "5d" sublevel is filled successively. 


+ It lies in the sixth period and includes the elements from lanthanum (57La) to mercury (goHg)- 


OT: py Srl ср rt) SW than poll 
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2 The Periodic Table and Classification of Elements 


E 
i 


Yourself 


Which quantum numbers represent the electrons of the last sublevel that is filled 
successively in the elements »,Sc to 4,Zn ? 


@n=3,l=1 (n23,(22 ©n=4,l=1 @п=4,(=2 


Idea of answering : 

`7 The elements from 5;Sc to 49Zn are the elements of the ............... transition series 
which lies in the ............... period, in this series the sublevel ............... is successively 
filled with electrons. 

DE CNN {= 


АБО 


Answer : The correct choice is .... 


14| f-block elements 


* They are separated down the table, to avoid being too long. 
è In this block the "f" sublevel is filled successively. 


* The f-block is divided into two series (each contains 14 elements), which are : 


Q a] 
oo OOOOOQ0 


OOODODOOOOOOOOOOOO0O 
` 


ты 


The two series of f-block 


@ The lanthanides series: 
• It is placed in the sixth period, in which the "4f" sublevel is filled successively, 

it includes 14 elements. 
» The elements of this series were named - inaccurately - by rare earths .. GR. ? 


Because they are quite similar in behavior and very difficult to be separated from each 
other as the outermost energy level for all of them is 6s” 


However, that name is not accurate, as recently their oxides could be separated by 
ionic exchange. 
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Q The actinides series : 
e It is placed in the seventh period, in which the "5/" sublevel is filled succ. ssive 
it also includes 14 elements. 


e All the elements of this series are radioactive (their nuclei are unstable) 


Bo) Worked Example 

What is the block of elements which includes the largest number of elements in 
the sixth period in the periodic table ? 

(3) s-block. 

(b) p-block. 

(©) d-block. 

@ f-block. 


Idea of answering : — кеа 


| 


The sixth period includes elements of the blocks s, p, d and f, these blocks аге filled 


successively with electrons as follows : 


| 
| The block Е 5 р а f ) 
| The sublevel which is s d f 
successively filled P 1 
Number of the orbitals of 1 3 5 7 
the sublevel 


Number of the electrons required 


аза each sublevel 1x2=2e |3x2266€ p 7х2= 14е 
=; 
Number of the elements of each 2 6 10 14 
block in the sixth period 


It is shown in the table that the number of the elements of f-block is 14 elements, this is 


the largest number of elements in the sixth period. 


Answer : The correct choice is (@) 


ЕЯ 
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5 2 The Periodic Table and Classification of Elements. 


[| The types of the periodic table elements 


e It is possible to classify the elements in the periodic table into four types, which are ; 


i ents 
a= The representative elements ——— — — z ES 
1A 


55 s wt 
ree а i TL dementis 
Biss ------------------ 5 к= «se 

3 E тете” 

< E par 


The inner , ; 
The inner transition elements ~~ EL 
е a 6 
The types of the periodic table elements 
Included information 
Some significant groups in number The characteristic 
Pami of grou f 

the periodic table are named үе Sue name gi the SEOUP i 

with characteristic names, 1А Alkali metals 

as in the opposite table : 2A Alkaline earth metals 
| 7A Halogens 
\_ 0 Noble gases 


[ Noble gases 


e They are the elements of group zero "18" 
which is the last column of p-block. 


Helium 


Neon 
e They are characterized by having 


Oo Argon 
energy levels completely filled conoooonnn 
with electrons and their electronic Гаи и аа Krypton 
configurations end with np, ee 


0055500000 


except that of helium „He 
which ends with /5? 


boogooogo 
EBBRRBBROHBED 


Xenon 


Radon 
Noble gases 


2 С.В. Noble gases may form compounds, but with great difficulty. 


Because they are very stable elements as their energy levels are completely filled with 
electrons. 
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Eo) Worked Example | 

If the principal quantum number of the last electron in the atom of a noble gas is (n = 3). 
What is the number of the orbitals which are completely filled with electrons in this 
atom ? 

3 (55 (7 @9 

Idea of answering : 


^ This element is a noble element. 
7 All the energy level in its atom are filled with electrons. 


`: The principal quantum number of its last electron is 3 
2. The electronic configuration of this atom is : / 57,257, 2%, 352, 3p 
2. The number of the filled orbitals = 1 + 1 +3 + 1+3=9 orbitals 


Answer : The correct choice is (d) 


\ 
What is the number of the natural noble gase(s) in which Zs orbital is filled with electrons ? 
(21 [OK 
(95 (6 
Answer : The correct choice is ............. 


The representative elements 


* They are the elements of s and p-blocks, 
except that of group zero. 
* They occupy the groups from ІА: 7А 


* These elements are characterized by the complete 
filling of all the energy levels with electrons, 
except for the outermost level. 


* They are active elements.. GR. ? Because their 
outermost energy level tends to reach the completed 
electronic configuration similar to that of 


6 "- The representative elements tend 
the nearest noble gas (/ 52 orns?, np”) by gaining, to reach the electron configuration 


losing or sharing electrons. of the nearest noble gas 


101 
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2 The Periodic Table and Classification of Elements 


loses + 
uNa perum Na 
18° , 2s? , 2p8 , 3s! 1s? , 2s? , 2p® 
(Similar to the electronic configuration 
of neon gas mol 
2 Representative elements 
165 —— s?- is the topic of Chapter 4 
эшш second term 
Is? , 2s? , 256 , 35? , 3p? 1s? , 2s? , 2p® , 3s? , 3p® 
(Similar to the electronic configuration 
of argon gas ,,Ar) 
+f „Эч. н, 
Is! 15! 152 


(Similar to the electronic configuration 
of helium gas Не) 


B The main transition elements 


~ They are the elements of the d-block. 


Transition elements 
* They are characterized by having energy levels completely will be thoroughly discussed | 


" t year 
filled with electrons, except the outermost two levels. Dex y 


+ Example : 8с : 182,252 , 2p®, 3s? , 3p°, 4s? , 3d! 
e In the principal level (n = 4) : The sublevel 4p is vacant. 
e In the principal level (п = 3) : The sublevel 3d is incompletely filled. 
The inner transition elements 
They are the elements of the f-block. 


They are characterized by having energy levels completely filled with electrons, 
except the outermost three levels, 


* Example : g4Gd : Is? , 2s? , 2p® , 35? , 3p? , 4s? , 3d! , 4p , 5s? 4a!” , 5р5 , 65? , af” ‚5а! 
s In the principal level (n = 4) : The sublevel 4f is incompletely filled. 
» In the principal level (n = 5) : The sublevel 5d is incompletely filled. 


o In the principal level (n = 6) : The sublevel бр is vacant, 


[102] 
4 
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bY Test Yourself | _ 


(1) What is the type of the element whose atom has an electronic configuration 
ends with : .......... , f^, sd?, 65! ? 


@ An inner transition element. (b) A main transition element. 
(©) A representative element. (d) A noble element. 

Idea of answering : 

7 The two outer principal energy levels ............... апа............... are not completely filled 
with electrons. 


©. The element is ............... 


(2) What is the total number of the inner transition elements in both the fourth 
and the fifth periods in the periodic table ? 


(8) Zero (514 © 24 @ 28 
Idea of answering : 
72 Inner transition elements start to appear in the ............... period. 


2. Number of the inner transition elements in both the 4"" and the 5!" periods = +--+ 


Answer : The correct choice is 


(The electronic configuration in the light of the modern periodic table 


* The periodic table shows a method to express the electronic configurations of the elements 
according to the nearest noble gas which precedes the element in the periodic table and this is 
the method of the electronic configuration of elements which was referred to before in Chapter 1 


(1 
BEEN - 


EBEN | 
| ES BEBNZENEB 
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Chapter 


2 The Periodic Table and Classification of Elements. — 


* The following table shows the electronic configurations of the atoms of the illustrated 
elements in the previous periodic table : 


Electronic configuration ) 
The ordinary electronic configuration Ioue neatest noble gas 
17Cl : Is? , 252, 2р, 352, 3р? 17C1 : [Ме] , 3s? , 3p? 
E =Á 
agFe : 15? , 25? , 2p , 35? , Зрб, 452,346 a6Fe :1Ап 4s? ‚34% 
TE == | ) 
Cd: Is? , 2s? ‚2р5 3, 3p 4s? 3d! dp, 5? , al? agCd : [Кт] , 5s? , 4a’? 
| nee [ 4 | 
| 
\з6Ва: 15 255 ,2р° 3 3p ‚497 3d ifs 4d!” 55,69 | „Ва: [Хе] , 6s? 
| — = 3 


SEA 
What is the block of the element whose atom has the electronic configuration : 
[Kr] ‚4410, 4f7, 5s? ‚5р®, б? ? 

(a) s-block. 

(5) p-block. 

(€) d-block. 

(à) f-block. 

Idea of answering : 

77 In this atom, the sublevel 


is not completely filled. 


-. The element belongs to ............... block. 


Answer : The correct choice is ............... 


P 
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The anomaly of the electron configurations of some elements in ti 
( Chromium element Q4Cr) Copper element (Си) 


Hypothetical ] 
electron configuration | 


э4©г: [Аг] ,457,34# ус „Си: [Ar] , 4s, 3d? 


Actual 
electron configuration 


2Cr : [Ar]. 45 345 У agCu t [Ar] 4s! 3d" 


Explanation 


The atom becomes more stable when the d sublevel is : 


Half filled (or) Completely filled 


f sa” M 


Us 


3d 


* By the same way the electronic configuration of both molybdenum (45Mo) and 
gadolinium (g4G4). 


Sen 


(1) Give reason : The anomaly of the electron configuration of molybdenum ,, Mo, 


and write its electron configuration. 


(2) Is it possible for the sublevel 3d to contain 5 single (unpaired) electrons in 


the atom of each of 2 elements both located іп 4'! period ? 


Explain your answer. 


Cb eT (Ce) А uu |105 
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Chapter "=== 


2 The Periodic Table and Classification of Elements. €——ÀÀ 


• The following table represents the electron configurations of the atoms of 
some elements of the modern periodic table in their ground states : 


A Element Electron configuration UE Element Electron configuration 
1 н [is E % | Fe [аяза 
2 Не | Js? =[He] 27 Co | [А0,34/, 4:2 
3 Li |[He],25! 28 | Ni |А, за, 452 
4 Be | [He], 2s? 29 Cu | {Ar}, 34/0, 4s! 
5 B | [He] , 2s? , 2p! 30 Zn | [Ar], 3d! , 4s? 
6 C | [Hel , 2s? , 2p? 31 Ga | [Ar], 3d!?, 4s? ‚4р! 
7 N | [He] , 2s? , 2p? 32 Ge | [Ar] ,3a!? 4s? , 4p? 
8 О | [He] , 2s? ,2p* зз | As | [Ar], 3a!9, 4s? , 4p? 
9 F | (He) , 2s? , 2p” 34 Se | [Ar], 3d"? , 4s? , 4p“ 
10 | Ne | [He] , 2s? , 2p° = [Ne] 35 Br | [Ar], 3a”, 4s? , 4p 
|n Na |[Ме],35! 36 | Kr | (Ar, 34" 4s?, 4p = [Ke] 
| 12 | Mg | [Ne] ,3s? 37 | Rb | (Kr, 5s! 
| 13 Al | [Ne] ,3s? , 3p! 38 Sr | IK, 5s? 
| 14 | Si | Ne] ,35?, 3p? 39 | Y |а, 4а, 5s? 
E. Р |е], 357, 3p? 40 | Zr | [Kr] ,4d?, 55 
| 16 S | еј, 35? ,3pf 4l Nb |IKr],4d* , 5s’ 
| 17 СІ | [Ne], 3s? ,3р? 42 | Mo | [Kr], 42,55! 
18 | Ar |0], 32 3p - [A] 43 | те |IKd,42 ,5? 
19 | K |1,4 44 | Ru |[Kr],4d" , 5s! 
| 20 | Ca Ай —— 45 | Rh (ка, 40, 507 
| 21 | Se |[Ag,3d! 4g 46 | Pd |IKr,44? 
| 2 | Ti |I[A0,32,42 47 Ag |[Kr], 4d! , 5s! 
ET V An. 30? 4s? 48 | Cd | (kr, 44? 55? 
E | с | [Ar] , 3a, 4s! 49 | m | (Kr , 44? , ss? , 5p! 
| 25 | ма ТАЙ, 307,42 50 | Sn | (ey, 4d? , 552, 5p” 


4 
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Determination of element location in the periodic table 
Period number : 


It is determined by the highest principal quantum number (n) 
in the electronic configuration of the element. 


e Group number and symbol : 
They are determined by the type of element as shown in the following table : 
Type Electronic Group 
ofelement Block configuration Group number symbol 
С d йй y y = 
Я The number of electrons of the last 
A mi 
sublevel (s) 
| T ——}- 
| Representative (A) 
The sum of the numbers of electrons 
р | ns$j,npl? | in the last two sublevels (s) and (p) 
"Excluding group zero" 
- 
Group zero ( p sublevel is completely 
Noble gases p np? filled with electrons) = 
"In addition to helium Не" 
= 1. - 
The sum of the numbers of electrons in 
the last (s) sublevel and the penultimate 
(d) sublevel, as follows : 
Total number of electrons of | Group (B) 
Main ns? ns ,(n-1)d number 
transition | d 4 m ——- Excluding 
(n-1)d 317 3B:7B | | group 8 
| 8:10 8 
| 11 1B 
| 12 2B 
107 
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5 
a 
© 2 The Periodic Table and Classification of Elements. 


o) Worked Examples 


@ Illustrate the block, type and location of the following elements in the periodic table: 
(1) Mg (2) Ge 


(3) „Кг (4) 5Мп 
(5) Cu 
Answer:— E 
Element Electron configuration Block Type of element ‚пе. pes 
~ —— V V 
(0| Mg | [Ne] ‚35° $ Representative 3 2A (2) 
| | 
(0| Ge | [Ar] , 4s? 3a? , 4p? p Representative 4 4A (14) 
| 
G) Кг | [Ar], 4s , 3410, 456 p Noble gas 4 zero (18) 
| 
| 
(9| Mn. | [Ar] 42,30 d | Maintransition | 4 | BO 
| | — 
(5)! Си | [Ar] , 4s! , 34? d | Main transition | 4 IB (11) 


[7] A representative element contains four principal energy levels occupied by electrons, 
| the last sublevel has three unpaired electrons. 

Determine each of the following : 

| (1) The electron configuration of its atom. 

| (2) Its atomic number. 

| (3) Number of completely filled orbitals in the outermost energy level. 


(4) Number of valence electrons. 


Answer : 


| (1) [Ar] , 45^ , 3410 , 45? 
(2)33 
(3) 1 orbital. 

| (4) 5 electrons. 


B 
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bY Testuourself i eas 


Two elements (X) and (Z) are located in group 5A, if the element (X) is located in 


the third period, and the element (Z) is located in the fifth period. 

What is the atomic number of the element (Y) which lies between them in 
the same group ? 

(231 

(p32 

(933 

@ 34 

Idea of answering : 

7 Element (X) is located in the third period, and element (2) in the fifth period. 


2 Element (Y) is located in the ............... period. 


72 The electronic configuration of the atom of this element is : 
[Ar], 45 ^, 3410, 4p" 
2. The atomic number of element (Y) E cisci ДЕ оройтой B odes P 


Answer : The correct choice is ............... 
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Questions ? Chapter 2 


Multiple choice questions (@) 


Modern periodic table 

[ The elements of the same period are similar in the number of ...........- 
(3) valence electrons. (Б) protons. 
© energy levels. @ neutrons. 


Æ Which of the following charts represents the relation between the number of valence 
electrons and the atomic number in the elements of the same group ? 


2 8 8 8 
BE БЕ 58 5g 
EH Se БЕ БЕ 
58 EE EE LE 

59 5 о „© :- 
z 2 2 2 

— 
Atomic number Atomic number Atomic number j Atomic number 


ЁЗ Which of the following elements is located in the same period of silicon ,,Si 
in the modern periodic table ? 


@ 26е (Sc © „Ма © Sr 

Ø The properties of the two elements ............... are similar. 

© K . Cu © ба, Ge © «Cl. Br @ Cs ‚Ва 
8 The element whose atomic number is 7 has similar properties to those of 

the element with the atomic number ............ 


@)8 )15 ©19 @21 


The chemical properties of both cesium „„Сѕ and element X are similar. 
What is the electron configuration of element X ? 

Is ( [Xe] , 6s? 

© [Ar] ‚342 , 4s! @ [Ar] , 3d! , 452 , 4p6 , 55! 
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b Lessc 


@ What is the number of the periods in the periodic table which lie between 
the periods of hydrogen element (,H) and argon element (,,Ar) ? 
@ zero. (b) | period. (©) 2 periods. (d) 3 periods. 


The elements blocks of the modern periodic table 


(J The molecule of the element whose electronic configuration ends with np 
| consists of -+ 


@ one atom. (b) two atoms. © three atoms. (10) four atoms. 


О The element which is located at the top right of the modern periodic table 


| Ed ses 

| 
(2) representative element. @ noble element. 
©) main transition element. @ metallic element. 


(f) What is the type of the elements whose last electronic configuration is : ns??? , np!5 ? 
@ Representative. (b) Main transition. 
| © Inner transition. @Noble. 


П What is the atomic number of the last element in d-block elements which is located 
in the fourth period ? 


(2)21 ®29 ©30 @ 36 


(9 What is the electronic configuration of the elements of the penultimate column of 
d-block ? 
(5) (п 1)d!, ns! (5 (n - 2)d', ns  (O(n- 1), n? (à) (n - 1a", ns! 


© The elements which follow neon gas ,oNe and precede rubidium element Rb are 
located in... 
© the third period only. © the fourth period only. 
© the third and the fourth periods. @ the fourth and the fifth periods. 


© What is the number of the elements of f-block ? 
23 @) 46 © 28 @ 14 


5 What is the sublevel which is successively filled with electrons in the series 
of actinides ? 
f) d (8) 4d 04 Ox 
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Chapter 


2 The Periodic Table and Classification of Elements 


9 Which of the following elements the electronic configuration of its valence shell 
differs from those of the other elements that are located in the same group ? 


© Kr ® „К © „Ве @ He 
The types of the periodic table elements 


What is the type of the element which the last electron in its atom has the two 
quantum numbers ( =1,m,= +4) ? 
(2) Representative only. ®© Noble only. 


© Representative or noble. 


@ Representative or main transition. 
(9 Which of the following choices represents the electron configuration of 

an alkaline earth metal ? 

[Ar] , 4s! , 3? Ar] , 4s? ‚34% 

@ [Аг] 

© [Rn] , 7s? @ [Хе], 6s? , 5d! , 477 
Which of the following choices represents the electron configuration of a transition 
element ? 
@ 157 ‚257 , 2p9 , 3s? , 3p , 3d! , 4s? ‚4р5 
(5) Is? , 2s? , 2p9 , 3s? , 3p9 , 3d!? , 45? , 4р! 
© Is? , 2s? , 2p® , 3s? , 3p9 , 4? , 3a? 
@ Is? , 2s? , 2p® , 3s? , 3р, 45? 


Actinides are similar to lanthanides in .... 
| @ the successive filling of 4fsublevel. 
© the instability of their nuclei. 


©) that it is impossible to determine the numbers of their groups. 
(3) their location in the sixth period. 


What is the difference in the number of the representative elements found in 
| the second period from those found in the third period ? 


90 ®2 Os @10 
Which of the following types of elements constitutes the largest number of elements 
| in the fourth period ? 
| ®© plock elements. (5) Representative elements. 
| © Main transition elements. @ Metals. 
(112) 
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The electronic configuration in the light of the modern periodic table 


elements, except .. 


Ё Each of the electron configurations in the table represents the mentioned type ої 


Choices 


Electron configuration Type of elements 
@ ns! ? or ns?, np® Representative | 
© Is? o£ пу?, прб Noble gas 


(п-1)4!® ‚пу! ®? 


Main transition element 


(9 
@ (n-2)/ ^ { (п-1)а! or 0 ; n 


Inner transition element 


, except that ... 
© the last sublevel 


s contains 2 electrons. 


All the following are among the properties of the elements „Ве , ,,Mg and „Са 


© the sublevel p in the valence shell contains a pair of electrons. 


© they are all representative elements. 
(3) they are all located in group (2A). 


quantum number (/) is 2 ? 


(3) Main transition. 
© Noble. 


£3 What is the type of the element which contains 1 electron in the sublevel whose 


(b) Inner transition. 


(d) Representative. 


What is the type of the element whose electronic configuration 


| is: [Ar], 4s? ‚3410 , 4p! ? 


(3) Main transition element. 


© Inner transition element. 


© Representative element. 


@ Noble element. 


| 
£j] The element whose electron configuration is : [Xe], 6s? , 47° belongs to ............... 


| (3) the third main transition series. 


(5) lanthanides. 


© the second main transition series. 


(3) actinides. 


(Qoi p) Ср) OW clas. „дый 113 
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5 
В 
E 2 The Periodic Table and Classification of Elements 


The following diagram shows a section in the modern periodic table: 


feles] | [У le [Ma] Fe [co | ni | 


What is the number of each of the representative and the transition elements 


which are mentioned in this section ? 
(3) 16 representative and 6 transition. © 13 representative and 6 transition. 


© 6 representative and 8 transition. @ 10 representative and 12 transition. 


The electronic configuration of silver „Ар is ............... 


OLAN, 4$ , 4d © [Kr] , 55! , 44/0 
© [Kr] , 55^ , 34? @ [Ar] , 4s! ‚4410 
An element with atomic number 42, the number of its half filled orbitals is ............... 
G1 (54 (95 @ в 
There is an anomaly in the electronic configuration of each of ............ 
aC + Fe © 4,Cd , Zn OC „Со Ф) „Сг, Cu 
The two electron configurations are similar in............... 
Na » „Ме „Ма, Mg? 
© ,,Mg* . Ne © „Ма, „Mg? 


& What is the correct order which represents the number of the unpaired electrons in 
the ions of these transition elements ? 
„Сг, my P ma »3,Cu1 
Cu? > Ni?* > C* > Fe3+ ®© Cr+ > Fe?t > Ni?* > си?+ 
© Fe?* > Сг?* > Cu” > NI” @ Fe?* > Cr+ > Ni?* > си?* 


The electron configuration of ruthenium ion ,,Ru** is ............... 
G) [Kr] . 4d? , 5s? O [Kr] , 425 , 552 
© [kr] . 4d? @ [Kr] , 445 


= 
= 
A 
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{5 Which of the following represents the location of the element 73X in the modern 
periodic table ? 

@5" period , group 7 ®© 6" period , group 13 

(©) 6" period , group 5 @ 5" period , group 5 


Which of the following statements represents properly the element which is located 
in period 3, group (VIIA) in the modern periodic table ? 

| @ It forms an ion whose charge is +1 

© It is one of d-block elements. 

© Its valence shell contains 5 electrons. 


(@ It is a representative element which is located below fluorine Е 


What is the electron configuration of the ion of the element which lies in 
the 4' period, group 2A in the periodic table ? 

| © ме], 35°, зрб @ [Ar] , 4? 

© [Ne] , 4s, 4p* @ [Ar] , 4? , 4p 


| 
£j The electron configuration of the ion X3* ends with : 650 ‚4/14 ‚548 
| The element X lies in group ............... 
(8 (Б) 10 (1 @9 
The electronic configuration of the outer energy levels in the element which lies in 


the period (л) and group (5B) is ............... 
© ns?, (n - 2)f^4, (n- 1)d? @ пв, (n - 1f, (n - 1)? 
Ons, (n - 2)f^*, (n — 1)? @ ns?, (n - 2)*, nd? 
£ The element whose electronic configuration ends with : ns!, (n —1)d5 and its electrons 
are distributed in 5 principal energy levels has the atomic number .............. 
()29 @ 24 ©41 @2 
What is the maximum number of orbitals that can be occupied by electrons in each 
of the atoms of the elements of 6'" period in which the electron has the quantum 


number (mj = +3) ? 


| ©! (53 (5 @7 
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Chapter 


2 The Periodic Table and Classification of Elements 


What is the number of the half filled orbitals in the atom of the divalent 


The shown diagram expresses a part in the modern periodic table : 


= 


16 


representative element which is located in p-block in the periodic table ? 


@1 (52 (93 (94 

What is the type of the divalent element whose ion has the electron configuration : [Ar] ? 
@ Main transition. (5) Inner transition. 
© Inert. @ Representative. 


An element is located in the third period, if its atom gains two electrons, then its last 


sublevel becomes completely filled with electrons. 


What is the symbol of this element ? 


© 13А] © si © 15Р @ 165 


What are the possible quantum numbers of the last electron in the atom of 


an element which is located in the fourth period, group (7A) ? 
@n=4,l=1,m,=0,m,=-4 

@n=4,l=1,m=-1,m,=- 
@©n=4,l=2 ‚тү=-1,ш =+ 
@п=3,/=0,пү=0,т,=+% 


юе юе 


V 
If the electron configuration of the element W ends with 3p” 
Which of the following describes one of the shown elements ? міх 
Element V is representative and lies in group 3A 7 


© Element X lies in 34 period, group 5A 
(9) Element Y is a noble gas and lies in gd period. 
(3) Element Z lies in 4'P period, group ЗА 


Three elements (A, B, C) are located in one period in 3 consecutive groups, 
the element (A) lies in the beginning of the third period, 


so the electron configuration of element (C) ends with ............... 


@ 4s! (5) 3p? © за! @ 3р! 
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@ The electrons of the atom of a representative element occupy 3 principal energy levels, 
and its last sublevel contains a number of electrons double their number in its 

first principal level. 

What is the atomic number of this element ? 


@ 34 © 33 © 32 @31 

(0 If the electronic configuration of an element atom is : [Хе], 6s?, 5d!, 4f? 
Which of the following choices represents the distribution of the electrons in 
| the principal energy levels ? 

@ 2-8 -18-32-4 @®2-8-18-18-8-2 
©2-8-18-25-9-2 @2-8-18-32-4 


NS 
Essay questions x 
Give reason : 


| (1) The elements of the same group are similar in the chemical properties. 


| (2) Molybdenum element 45Mo has an anomalous electronic configuration. 
| 
B] Demonstrate the similar electronic configuration of the ions of zinc 49Zn and copper „Си 


E The following diagram represents a section in the modern periodic table : 


T 


4 


Conclude the difference between the atomic numbers of ће two elements U and T, 
With explanation. 


9 An element (X) its electronic configuration ends with 5s? , 4d! : 
(1) What ís the type of this element ? 
(2) Determine the location of this element in the periodic table. 
(3) What is the number of the protons inside the nucleus of the atom of this element ? 


The electrons of the representative element (M) are distributed in 2 principal levels, 
and its last sublevel contains 3 unpaired electrons : 
(1) Determine the location of this element in the periodic table. 
(2) What is the block of this element ? 


117 
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5 
a 
$ 2 The Periodic Table and Classification of Elements 


Determine the block and the type of the elements which have the following 


electronic configurations : 
(1) [Ar] , 4s? , 3d? (2) [хе], 6s? , 4f" , Sa! 


ЁЗ Illustrate the electronic configuration of each of the following elements, 
with writing their atomic numbers : 

(1) A representative element which is located in period 2, group 5A 

(2) A noble element located in period 3 


&) The opposite figure illustrates the atom of one 

of the elements : 

(1) Write the electronic configuration of this 
element atom according to the nearest noble gas. 


(2) Determine the location of this element in the periodic table. 
| 


E The opposite diagram represents a section in the periodic table. m 
Deduce the atomic number of the element (X), ы 
with explanation. X 

| Y 

Predict the general formula of the oxides of zl 


the representative elements of group (2A). 


Qo; 


Higher — order questions 


Choose the correct answer : | 


e Which of the following charts represents the relation between the number of 
principal energy levels occupied by electrons and the atomic number of 
the elements in the same vertical group in the periodic table ? 


M Д 


Atomic number Atomic number Atomic number Atomic number 


© (©; © © 


———— 


No. of levels 
No. of levels 
No. of levels 

No. of levels 
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(J What is the compound in which the number of electrons of its positive ion equals 


the number of electrons of its negative ion ? [Naz 11, Mg 2 12, CI 217,82 16,0 = 8] 
@MgCl, ® NaCl 
©Mgo @Mgs 

@ The element (X) which forms the compounds ХСІ, , X,O, , is located in group ............... 
ОША (5 IA 
ОМА @ VIIA 


Æ The electron configuration of the positive ion of the compound MO ends with 
the sublevel 2p 
Which of the following determines the period and the group of element M 
in the modern periodic table ? 
©) 4* period , group 7 
(С)4® period , group 9 
C) 37 period , group 16 
23" period , group 2 
© if the four quantum numbers of the electron with the highest energy in the atom 
of a main transition element located in the period (X) are (3, 2, +2,+4), 
then the probable four quantum numbers of the last electron in the representative 
element which is located at the end of the period (X) are ............ 
:)4,1,0 ch 
)3,1,41 tt 


04,0,0,41 
+ (3 


03,2,42,.1 
2 
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Al-Garbeya | 
on the Second month СА Ше eu 


Choose the correct answer for the questions [1] : © 


(1] The maximum number of electrons сап be found in an atom that has the following 
quantum numbers (n = 3, l = 1) is ............... 

@18 @7 

©з @6 

Ө The last sublevel in (X*) ion is 27 

What is the number of the half filled orbitals in the atom (X) ? 

© zero ®1 
©2 @3 
© What is the type of the element which contains 5 electrons in the sublevel whose 
value of the subsidiary quantum number 4-20? 

Main transition. 

(Б) Inner transition. 

© Representative. 

@ Noble. 

© What is the atomic number of the atom whose orbitals contain three unpaired 
electrons ? 

G5 (5 13 

© 15 (@ 21 


the principal level (n = 3) of 15Р? 


@1 (53 
(96 @9 
О The number of orbitals of the principal level (n) equals ............... 
G1 (9 
© 14 @ 16 
120 
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> 


— m —— Test on the Second month f 


@ The electron which has magnetic quantum number (m, = —3) may has the principal 
quantum number ............... 

@n=1 

@n=2 

©n=3 

@n=4 

(8] Which of the following combinations of the quantum numbers doesn't include 
a mistake ? 

@n=2,l=2,me=+1 

@n=2,l=-1 ,my=0 

@©n=3,l=2 mp3 

@n=4,(=3 ,m=-2 


© The number of electrons present in orbitals of (p) sublevels is smaller than 
the number of electrons іп (s) sublevels in .. 
| @ Me 

m 

ON 

@ „А! 


Answer the essay questions @ : @ 


" 
(10) Write the electronic configuration of (,4X) then 


Determine which block it belongs to. 


121 
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Test = 


1 


| © Write the chemical formula for a compound formed from (X) and (Y) elements tere 


the quantum numbers of the last electron of each of them are : 


n l | m m. 
(X) 2 І | at -4 
(ү) 3 0 | 0 +1 


(12] А representative element contains three principal energy levels and the last energy 


sublevel contains three unpaired electrons. 


Calculate : 
(1) The number of orbitals which are completely filled with electrons. 
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Sharkia | 


on the Second month Ж ДШ ЛА | Рата a 


INS 


Choose the correct answer for the questions [1] ў [9] 


0 All the following combinations of the quantum numbers include a mistake. 
except ........ 

(9n22,(22, m 

@n=2,l=-1 ,m=0 

©n=3 ,(=2,mj=+3 

@n=4,(=3,m=-2 


(2) Which of the following sublevels can absorbs a photon but cannot lose one ? 


@3d © 2p 
(9 1s @ 25 
Ө The з. elements tend to reach the electron structure : п, пр 
(3) noble 
© representative 
© main transition 
@ inner transition 
ө The sixth period contains ............... types of elements. 
ӨХ (54 
05 @6 


(5) The electron configuration of the element (X) ends with : 
(n- D$, (n - 1)р®, (n= 1), ns? 

Ип = 4 then the atomic number of (X) is ............ 

91s 6) 35 

©30 @25 
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© Which of these ions its electron configuration is not similar to that of a noble gas ? 
Gcr ®© Rb* 
© Sn2* @ Mg^* 


Test 


@ What is the number of elements in which the orbitals of 3d sublevel contain 
one single (unpaired) electron or more in the ground state ? 

@7 (58 

(29 @ 10 


© What is the maximum number of electrons which have the spin quantum number 
(m, =+ D in the sublevel (/ = 3) ? 
@3 (55 
(6 @7 

© What is the number of electrons which have the quantum numbers (n = 3), (/ = 2) 
in iron atom ? 
@2 @4 
©6 @8 


| Answer the essay questions @) $ (12) 


(10] Write the electron configurations of elements ,,Ag and ‚Вг then 
Locate the position of theses elements in the periodic table. 
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К бынын —— — —— ————— Test on the Second month 9 


@ Why is it difficult to obtain M?* ion from the element which is located in 


the third period, group (1A), 


@ Mention the four quantum numbers for the last electron which has the highest energy 


in the following elements : i аР апа „Си 
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on the Second month LIIE Educatio 


Choose the correct answer for the questions @ Н © 


(1] Which of the following has the highest number of unpaired electrons іп ‚Ее ? 
3) Fe ® Fe^* 
© Fe2* @ Fe?* 


® Which of the following quantum numbers include a mistake ? 
@n=2,l=1 ‚ m= +1 
@n=4 ‚„{=2 ‚ тү=+1 
©п=з , l=3 , ņ=-2 
@n=3 , l=0 , m=0 


C» According to Hund's rule and Pauli's exclusion principle, the last two electrons in 3d 


© land пу 
(5) n and m, 
© land m, 
@ m, and m, 


o What is the compound in which the number of electrons of its positive ion equals 
the number of electrons of its negative ion ? 

@ MgCl, © масі 

© MgO @ Mes 


(5] What is the electronic configuration which represents an excited atom ? 
@ oF: Ig? ‚27 ‚2р? 

@ N : 17 ‚257 , 2p? 

© не: 1? 

(3) 4Li : Is? , 2p! 
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sublevel in the atom of element ,,X are different in the two quantum numbers ............- 


0 What is the maximum number of electrons which can be found in the 


and have the two quantum numbers (n = 4 ,/ = 1)? 

OLJ © бет 

© 8е_ @ 10e7 
@ The two orbitals 2s , 2р, can be similar in ............ 

(2) ће energy. 

(5) the shape. 

© the number of electrons in each of them. 


|. @ the spatial orientation. 
| 
| 
© What is the number of electrons of the last principal energy level of the element 


Í 


which contains 15 completely filled and 2 half filled orbitals ? 
02е © 3e^ 
(S) 4e (0) 5^ 


À 
0 What is the number of electrons which have magnetic quantum number 


(m, 2 0) in cobalt (П) ion „„Со2+ ? 


(3) Te © 8" 
© 10e @ He 


Answer the essay questions 10] : Ф 


(10) Verify Pauli's principle on the two electrons of the last orbital of chloride ion СГ 


bh 
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@ * The bond length in hydrogen molecule H, =06A 


Test 


* The bond length in nitrogen molecule N, = 14 A 
+ The bond length in nitric oxide molecule NO = 1.36 A 
Calculate: 


(1) The bond length in oxygen molecule 0, 


(2) The bond length (О-Н) in water molecule H,O 


Ф Write the four quantum numbers of electron number 11 in each of sodium and 


magnesium atoms. 


(128 
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Chapter 2 | From Trends апа periodicity of properties inthe perodicta 
Lesson TWO 


Tias 6 


The chemical properties and some of the physical properties of the elements 
depend on their electronic configurations and especially on the valence electrons 


(the electrons which are found in the outermost principal level). 


Group no. —» 1A 2А ЗА 4A 5A 6A 7A 


No. of valence electrons === | 2 34567 


The numbers of the valence electrons 
of the elements in the second period 


We will study the graduation of the following properties in the representative elements : 


Ü The atomic radius. 

Я Ionization potential. 

Ө Electron affinity. 

® Electronegativity. 

[5] Metallic and nonmetallic property. 
Acidic and basic property. 
Oxidation numbers. 


Vipele) АЫ. А |129 


Scanned with CamScanner 


Chapter === 


2 The Periodic Table and Classification of Elements—— ———— —— — — — — — — 


[1] The atomic radius (Sues 
e The concept of bond length in the covalent compounds differs from that in the ionic 
compounds. 


e By knowing the bond length, we can calculate : 


П Atomic radius. a Tonic radius. 


п Atomic radius 


e The atomic radius cannot be estimated or measured 
physically by the distance between the nucleus 
and the farthest electron ... G.R. ? 

Because it is impossible to determine 


the precise location of an electron around the nucleus ргы d поп 
or the radius 
(as the wave mechanics theory revealed). 


But the atomic radius can be calculated by knowing 


— = 

the covalent bond length which is estimated in n. PD ng 

angstroms (À). J 
1 angstrom = 1 х 10—10 meter 


Covalent bond length (2r) Covalent bond length (2r) 
is estimated by the distance between the centers of Dig aaie molecule 
the two nuclei of two bonded atoms. 
Atomic radius (r) 
is estimated by half the distance between the centers of 
two similar atoms in a diatomic molecule. 

Covalent bond length = Sum of the two atomic radii of the two atoms of the molecule 


Bond length in a diatomic element molecule (2r) 


Bond length 
1 


The atomic radius (г) = — 2 
The following table shows the bond length and the covalent atomic radius for some molecules 
The molecule H-H | F-F Таа Br - Вг 1-1 | 
The bond length (A) 0.6 1.28 1.98 2.28 2.66 
The covalent atomic radius (Å) | 03 | 064 | 099 1.14 | 1.33 
130 
di 
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(If you know that : 198 À i78 


+ The bond length in chlorine molecule Cl, is 1.98 A Єз cr 
CI - CI 


» The bond length between carbon and chlorine atoms 
(С - CI) in carbon tetrachloride ССІ, is 1.76 A ET 

What is the atomic radius of carbon atom ? 

(2022À 

®олтА 

@099А 

@121А 

| Idea of answering : — — —- — 


| ; А Bond length in chlorine molecule Cl; 
| The atomic radius of chlorine = 2 


r(ch = 156-0994 


| 
| The atomic radius of carbon = The (C — CI) bond length — The atomic radius of chlorine 
r (C) 2126-099 = 0.77 Å 


Answer : The correct choice is (b) 


Өтпе bond length in hydrogen molecule H, = 0.6 A 
+ The bond length in oxygen molecule O, = 1.32 A 
+ The bond length in nitric oxide molecule NO = 1.36 A 
Calculate : 
(1) The bond length in nitrogen molecule N, 
(2) The bond length (N - Н) in ammonia molecule NH, 
Answer : — $ = — ——— 


Bond length of O, molecule 


(1) The atomic radius of oxygen = 2 


(0) - 2 =066А 
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2 The Periodic Table and Classification of Elements. 
The atomic radius of nitrogen = The (N — О) bond length – The atomic radius of oxygen 
r(N) = 136 -0.66 =0.7 А 
The bond length in nitrogen molecule № = 2 x The atomic radius of nitrogen 
2r(N) 22x07 -14 A 


Bond length of H, molecule 


(2) The atomic radius of hydrogen = 2 


г(Н)=®5=03А 
The bond length (N — Н) = The atomic radius of nitrogen + The atomic radius of hydrogen 


r(N)«r(H)20740321À 


ü lonic radius 


The ionic compounds such as sodium chloride 


are found in a crystalline form and consist of 


positive ions (cations) and negative ions (anions). 


lonic bond length is estimated by the distance 


between the centers of the nuclei of two bonded Ionic bond length 
P the radii ation + anion) 
ions in the formula unit of the crystal. инен 


The ionic bond length = The sum of two ionic radii in the formula unit 


• The ionic radius depends on the number of electrons lost or gained to form ions. 


Worked Example. 


» The ionic radius of lithium (Li*) 0.68 A 
| «The ionic radius of sodium (Na^) 2098 Å 


| + The bond length of sodium chloride formula unit (Na" СГ) = 2.76 А 


What is the ionic bond length in lithium chloride formula unit ? 


| @166А (6) 178 À 
pe. (8)246 Á 
132 
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| Idea of answering : 
+ The ionic radius of chloride ion CI” = The (Na*CT') bond length — The ionic radius of sodiu 


r (СГ) =2.76 -0.98 = 1.78 Å 


js The bond length in lithium chloride formula unit (Li*CI) = 


The ionic radius of lithium ion + The ionic radius of chloride ion 


r (Lit) + r (CID = 0.68 + 1.78 = 246 À 


Answer : The correct choice is (d) 


The effective nuclear charge concept (Z-effect) 
* The valence electrons are not affected by the complete nuclear charge (the charge of 


the nucleus protons). 


* This is because the inner electrons (core electrons of the inner completely filled energy 
levels) screen a part of this charge from the valence electrons (electrons of interest). 
Hence, the actual charge affecting any electron is called 
the effective nuclear charge (2р 
Which is the actual nuclear charge (positive charge) that affects an electron in 
ап atom. 

* And the effective nuclear charge (2) is always less than the nuclear charge 


(the total number of protons present in a nucleus). 


The attraction and repulsion forces 
which affect the valence electrons 
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E 2 The Periodic Table and Classification of Elements 


(the graduation of atomic radius in the periodic table 


The atomic radius decreases 


8 
a 
2 
2 
E 
э 
E 
e 
E 
g 
= 
E 
E 
Sel 
The graduation of atomic radius property in the elements 
of the two blocks s and p 
ў It can be observed in the figure that : 
| Inthe horizontal period ( In the vertical group D 


The atomic radius decreases as we go from left | The atomic radius increases as we go down 
1o right across the same period by increasing the same group by increasing the atomic 
the atomic number from 1A to group zero number from the first to the seventh period 


| Because the increase in the atomic number results in | 


The gradual increase in the effective nuclear e The increase in the number of 

charge (Zg) which increases the nuclear the energy levels in each new period. 

attraction to the valence electrons (pulling them | e The increase in the number of 

closer to the nucleus) leading to the decrease in the completely filled energy levels that 

the atomic radius. screen more of the effective nuclear 
charge from the outer electrons. 

e Increasing the repulsive forces between 
electrons. 


General conclusion : 


» The atoms of the first group elements (alkali metals) are the biggest atoms, while 
the atoms of the seventh group elements (halogens) are the smallest atoms. 
o The biggest element atom in size is cesium (Cs), 
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{те relation between the radii of atoms and their ions 


s The radii of atoms differ from the radii of their ions as shown in the following : 


| Metals ] 


y 


+ The metal atoms tend to lose their 
valence electrons during the chemical 
reaction to form positive ions. 


Radius (A) 


Atomic number 
0 i0 20 30 40 50 60 


The relationship between metals radii 
and their positive ions 
* The positive ion (the cation) radius is 
smaller than the radius of its atom... GR. ? 


As the number of positive protons in 

the cation is higher than the number of 
negative electrons. So the attraction of 
the effective nuclear charge to remaining 


electrons increases leading to decreasing 
the size. 


| | Nonmetals 


* The nonmetal atoms tend to gain 
electrons during the chemical reaction to 
form negative ions. 


Radius (A) 


Atomic number 

9 о 20 30 40 50 60 

The relationship between nonmetals radii 
and their negative ions 


e The negative ion (the anion) radius is 
larger than the radius of its atom... GR. ? 


As the number of negative electrons in 

the anion is higher than the number 

of positive protons. So the repulsive 
forces between electrons increase due to 
increasing the number of electrons without 
any increase in the effective nuclear 
charge leading to increasing the size. 


lication 


* The sodium metal tends to lose its 
Valence electron during chemical 
Teactions to form sodium ion with a 
radius smaller than the radius of its atom. 


The chlorine nonmetal tends to gain 
an electron during chemical reactions 
to form chloride ion with a radius larger 
than the radius of its atom. 


099A 1814 
ү i | 
ME ] 
pog | 
| | 
| gains 
==> 
1 electron 
Chlorine atom ,,Cl Chloride ion СГ 
12,20, 2 ‚37, зр 1s? ‚257, 2p? ‚3°, зрб 
17 protons 17 protons 
17 electrons 18 electrons 


136À 098À 
fe ir 
' H ^ 
| i. 
i ! 
loses 
=> 
1 electron 
Sodium atom Na Sodium ion Ма* 
IS 20 af, 35! 1s? , 28? , 2pf 
11 protons 11 protons 
1! electrons 10 electrons 
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5 2 The Periodic Table and Classification of Elements 


Ie) Worked Examples 
@ Arrange the following species descendingly according to the radius (Ее?* / a6Fe / Fe) 
with explanation. 

Answer : 
The atomic radius of iron atom (Ее) > The ionic radius of iron (II) ion Fe2* » The i 


of iron (III) ion Fe?*, because the atomic radii of metals are larger than the radii of their io 
As the ionic radius of the positive ion decreases , when its charge increases. 


radius 


1178 075À 06А 
E r^ im 
| loses P. ve | 
2e le 
Iron atom «Fe Iron (П) Fe? гоп (Ш) Fe” 
[АП , 452,348 [А], 450,345 [Ar] , 45? , 3d? 
26 protons 26 protons 26 protons 
26 electrons 24 electrons 23 electrons 


Ionic radius of positive ion decreases as its charge increases 


e The atom of the metal R is similar to its ion R” in .............. 


| @ the size. (b) the charge of the nucleus. 
| © the radius. @ the number of the electrons. 
| Idea of answering : 


<> The radius (and hence the size) of the positive ion is smaller than that of its atom. 

2. The choices (a) and (©) are excluded. 

+; The number of the electrons of the positive ion is lower than the number of 
the electrons of its atom. 

2. The choice (d) is excluded. 

- The number of the protons inside the nucleus of the atom does not change during 
the formation of the ion. 

| 7. The charge of the nucleus remains the same. 


, Answer : The correct choice is (b) 


MENDA ЖШ 


What happens on moving down the group of halogens from fluorine to iodine ? 
@ The ionic radius increases. 

© The atomic number of the halogen decreases. 

© The atomic radius decreases. 

@ The number of the valence electrons in the halogen atom increases. 


Answer : The correct choice is ............... 
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» Lesson Two 
le) Worked/Example 


Arrange the opposite ions descendingly | T >| x А rs г = - 
according to their radii. LgMg"| ӘК“ | „Аз | 3587 


Idea of answering : 
It is clear from the electron configurations 
| of the atoms of these elements that 3 


| of them are located in the same period ү к iei) m 
| (the fourth). pM | [Ne], 3s? Thethird| 2А | 
| - Atomic radii of the elements of pK | [Ar], 4s! The fourth) 1A * 
the same period decrease with ads | [Ar], 45, 3410, 4p? [The fouth| 5A 
increasing the atomic numbers. „Вт Ag 42,34" 4p? |The fourth] 7A 
2 yg > 33А5> 35BT 


<> The radius of the positive ion is smaller than that of its atom, and the radius of 
the negative ion is larger than that of its atom. 

5 Аз > Вг > К+ 

- The ionic radius of Ме? is smaller than that of , Na*, as each of these elements 
is in the same period. 

~- The ionic radius of Nat is smaller than that of „К+, as these two elements are 
in the same group. 


5 + + 

: K> Me 

Answer : ———— — — — — — — a — 
The correct descending order of the radii of the ions is : As? 5 „Вг (>) „К? (9 Mg” 


Q lonization potential (lonization energy 


If an amount of energy is supplied to an atom — when being in the gaseous state — electrons 
may be excited and transferred to higher energy levels, but if a sufficient amount of energy is 
supplied, the most loosely bound electron will be completely removed, giving a positive ion. 
The minimum amount of this energy is called ionization potential. 
s AH of the ionization process has a positive sign.. GR. ? 
Because the ionization energy is an absorbed energy. 
Na, + Energy ——> Nag) + 67 , AH=+496 kJ/mol 
[Ne] , 3s! [Ne] , 3s” 


Ол: perlit) ААА poll |137 
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2 The Periodic Table and Classification of Elements 


TEES 
e The atom of the same element has more than ionization energy as shown in following . 
i ~үт a 
First ү Second . .o Thi Я 
ionization potential ionization potential ionization - stential 
Is the amount of energy Is the amount of energy Is the amou::: of energy 
required to remove required to remove required iż remove 
an electron which is most an electron from an electron from 
loosely bound to the nucleus a positive ion carries a positive ion carries 


in an isolated gaseous atom 
M + Energy —> 
+ - = 
M te „АН = (+) 
This leads to the formation 
of an ion which carries one 
positive charge 


one positive charge 


м + Energy —» 
Mig *e7 ‚АН = (+) 


This leads to the formation 
of an ion which carries two 
positive charges 


two positive charges 
M + Energy —— 
М) +e7 ,AH=() 
This leads to the formation 
of an ion which carries three 
positive charges 


[The first ionization potential < The second ionization potential < The third ionization potential 


Ке) Worked Example 


() Na — Nat te 


(2) Na, —> Nato +267 


(3) Na, — Nag 


— Na?* +2 


(4) Na (9) 


(5) 


In terms of the following equations : 


AH-w 
AH=x 
AH=y 
AH =z 


Which of the following equations represents the second ionization potential of sodium 
(а) Equation (2) x Equation (1). 
©) Equation (3) — Equation (1). 


© Equation (2) – Equation (1). 
(8) Equation (4) – Equation (3). 


Idea of answering : 


Answer : The correct choice is (b) 


< The ionization potential indicates that the atom is in its gaseous state Nag) 
2. The choices (С) and (d) are excluded. 


"7 Equation (2) represents both the first and the second ionization potentials, 
while equation (1) represents the first ionization potential only. 

2. The equation which represents the second ionization potential only is the difference of 
subtracting equation (1) from equation (2). 
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e Application ОЛ, The first ionization potential of noble gases and alkali metals 
mis 


lonization potential 
(kJ/mol) 


Atomic number 


» The first ionization potential of noble gases is very high.. G.R. ? Due to the stability of their 
electronic configuration and it is difficult to remove an electron from a completely filled shell. 


* Examples : ,9Ne : [Не], 252 ; 2рб 1вАг:[Ме], 3s Т 3p 


o The first ionization energy of alkali metals is lower than that of all elements.. GR. ? 


Due to the ease of losing of the valence electron. 


* Examples : Ма : [Ne] , 35' 19K : [Ar] ‚45! 


CON ҮЕ УПО The ionization potentials of magnesium : 
lonization potential 


The opposite figure expresses (kJ/mol) 
the ionization potentials of magnesium, 


it’s clear that : 
• The second ionization energy of magnesium is higher 
than the first one.. GR. ? 
Due to increasing the effective nuclear charge (7). 
* The third ionization potential of magnesium is 
much higher than its second ionization potential.. 
Because it breaks a completely filled energy level. 
Mg, + е, AH, =+738 kJ/mol 


Mg, 


182,25 „2р? , 38° Is? , 25? , 2p „35! 


+ 2+ x = 
Mg ==» Mg, +e, AH, = + 1450 kJ/mol 


Is? ‚27 „2p 
3+ m m 
Mg, + е, AH,=+7730 kJ/mol 


Is? , 28° ,2p° , 35! 
2+ 
Mg (g) 


I$ 28° 5 2p" Is’, 2°, 2 


139 


Scanned with CamScanner 


| 


| 

[| 

E 2 The Periodic Table and Classification of Elements 
f 


G.R. The first ionization potential of potassium 49K is lower than the first 
ionization potential of calcium „Са, while the second ionization potential of 
19K is much higher than that of Са 


К :[Ard 4s 


The first ionization potential of 

potassium оК is lower than that of Tonization potential аеру" 
я | (kJ/mol) 20-2: ‚45 

calcium 59Ca, due to losing the valence 


electron easily, while the second ionization 


potential of potassium is much higher than 
that of calcium because it results in breaking 


a completely filled energy level. 


Ionization potentials of potassium and calcium 


E Test Uourset | 


The opposite figure represents the second 
ionization potentials of some elements. 


Which of them represents 4Li ? ] 
A ÓB Е 
© C @D Element 


ABCD 
idea of answering : 
The electronic configuration of 3Li is ............... 


++ The second ionization potential of lithium results in the breakage of 
a completely filled ............... 


7. Its second ionization potential is ............... compared to those of the other elements. 


Answer : The correct choice is 


Worked Example 


The opposite table shows the first 
, 


three ionization potentials E, , E; 
and Е; of a metal. 

What is the charge of the most stable 
ion of this metal ? 


@ +1 ® +2 Qaa 


590 kJ/mol | +1145 kJ/mol | +4912 kJ/mol 


@ +4 
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| Idea of answering : 
*; The third ionization potential of this metal is much higher than its second 


ionization potential. 
| +, Itresults in breaking a completely filled (a stable) energy level. 


| *: The metal is divalent (belongs to group 2А). 
| 2. The charge of the most stable ion of this metal is +2 


| Answer : The correct choice is (b) 


| The graduation of ionization potential in the periodic table 


Ionization potential increases 


1 
Ly 2A 3A 4A 5А 6A ТА (ne 


(2) (13) (14) (15) (16) a7) 


Ж ве BIC|NJ]|OJ|F 3 
Ve 


Ionization potential decreases 


E [FX | тє | 
o| € Ba т [| Pb | Bi Po At | Rn 
MIR 
Graduation of the ionization potential property in 

the elements of s and p blocks 


In the same period | | In the same group ) 


The first ionization potential increases The first ionization energy decreases 
as we move from left to right as we go down the group 


This is due to 


пе increase of the effective nuclear e The increase in the number of energy levels 
Charge and the decrease of the atomic which are completely filled with electrons 
radius, which would lead to increasing which increases the atomic radius. 
їйє attraction of the nucleus to the valence 
electrons, so they need higher energy to be 
separated from the nucleus 


e The decrease of attraction of the nucleus 
to the valence electrons, 
so the energy required to remove 
the valence electrons decreases. 


ie the ionization potential is inversely proportional to the atomic radius 
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5 The Periodic Table and Classification of Elements 
п 


G.R. (1) The ionization potential of phosphorus ,;P is higher than the ionization ' 


potential of sulphur ,,S, although phosphorus precedes sulphur in the 
same period. 


18Р : [Ne] , 35? , 3p? ПИЙ 5 ,gP* : [Ne] , 35? , 3p? [ЦИ | 
165 : [Ne] , 3s? , 3p* Xe 16S : [Ne] , 35? , 3p? | 


Because the atom becomes more stable when the 3p sublevel is half filled with 


electrons as in phosphorus atom, and hence removing an electron from it will 
decrease its stability 


(2) The ionization potential of aluminum ,,A1 is lower than that of magnesium 
„Ма, although aluminum comes after magnesium in the same period. 
12М8 : [Ne] ‚ 35° 13А! : [Ne] ‚352 ‚3р! 


Because the atom becomes more stable when the 3s sublevel is completely filled with 
electrons as in magnesium atom, and hence removing an electron from it will decrease its 
stability. 


Ie3 Worked Example 


The following graphical figures show the first eight ionization potentials of two 
elements in the third period in the modern periodic table : 


5 
Е 
2 
ki 
Е 
g 
& 
A 
5 
3 
5 
Е 
2 
d 1 223 4 5 67 4 9. 1 2 3 4 $ 6 T7 8 
Number of lost electrons Number of lost clectrons 
Figure (1) Figure (2) 


What is the formula of the ionic compound which is produced from the combination of 
these two elements ? 

(а) MgCl, (b) CaBry 

(с) NaS @K,0 
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Idea of answering : 

+ In figure (1), there is a significant elevation in the 8"* ionization potential of this otoy 
compared to the lower ionization potentials, it means that removing < electrons frorn 
the atom of this element will lead to breaking a completely filled energy level. 


2. The valence shell of this element contains 7 electrons, i.e. this element is located 
in group (7А) (the halogens), which means that it can be chlorine Cl or bromine Br 

2. The choices (€) and (d) are excluded. 

+ In figure (2), it is clear that the significant elevation appears in the 3'd ionization potential 

of this element. 

*. The valence shell of this element contains 2 electrons, i.e. this element is located in 
group (2A), so it can be magnesium Mg or calcium Ca, but it is given in the data of 
the question that the element is located in the third period. 


| * Mg is in the third period, while Ca is in the fourth. 
| +. The choice (b) is excluded. 


| Answer : The correct choice is (а) 


a Electron affinity 


s We have mentioned that the removal of an electron from the atom will convert 
it into a cation, which requires an amount of energy named by the first ionization potential. 
On the other hand, if the atom gained an extra electron, it will be converted into a negative ion. 
This is associated with releasing an amount of energy named by electron affinity which is 
the amount of energy released when an extra electron is added to a neutral gaseous atom. 


Xg +e” ——> Xg + Energy , АН=(—) 


*The magnitude of the electron affinity is high when the added electron makes the sublevel, 
half filled or completely filled, as in both cases it helps in the stability of the atom. 


\ Test Yourself 


Which of the following equations represents the electron affinity of chlorine 2 


$8, — Cli + e^ ® Cl, +e — Cl 
O Chp +e —e 2C; ФО + e^ —e Cl 


Answer : The correct choice is ............... 
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2 The Periodic Table and Classification of Elements. — 


{ The graduation of electron affinity in the periodic table 


Electron affinity 


decreases 


The values of the electron affinities of the first 


Electron affinity increases 


SA 


Electron affinity (kJ/mol) 


18 elements in the periodic table "in kJImol" Atomic number 
( In the same period | ( In the same group 
The electron affinity increases as we The electron affinity decreases as we 
move from left to right £o down the group 
This is due to 
The increase of the atomic number The increase of the atomic number 
leads to the decrease in the atomic radius leads to the increase in the atomic radius 
(and hence the atomic size), (and hence the atomic size), 
which facilitates for the nucleus to attract which hinders the nucleus to attract 
a new electron а new electron 


2 cn. (1) The electron affinity values for beryllium „Ве, nitrogen „N and neon 1o Ne 


are close to zero. 
4Ве: 152,252 , №: 152,252 ,2р)  , Ме: 152,252 , 2p° 


Because the atom will be more stable when the sublevel : 

• 2s is completely filled as in case of beryllium atom „Ве 

» 2p is half filled as in case of nitrogen atom 7N 

• 2p is completely filled as in case of neon atom ,9Ne 

and the addition of an electron to any atom of them will decrease its stability. 


(2) The electron affinity of chlorine (— 349 kJ/mol) is greater than the electron 
affinity of fluorine (— 328 kJ/mol), although chlorine follows fluorine in 
the same group. 


Because fluorine atom is smaller in size as it has smaller radius than chlorine 
atom, so any new electron will suffer a strong repulsive force with the nine electrons 
already existing around the fluorine nucleus which decreases the released energy 
due to consuming a part of this energy to overcome this repulsive force. 
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Ie) Worked Example 


Based on the equation and the table : 
+ m = 9 
* Clo — K + Cl АН =? 


Kg (p) 

What is the value of AH ? 

1303 kJ/mol (Б) 1207 kJ/mol Potassium | +418 kJ/mol | -48 kJ/mol 
© 767 kJ/mol @ 69 kJ/mol Chlorine | +1255 kJ/mol | -349 kJ/mol 


Idea of answering : 


eK y— Kyte AH = +418 kJ/mol 
putt eme. AH = —349 kJ/mol 
By addition 
T e = = 
Kio + Cho — Kt, + Cl, AH = (4418) + (-349) = 69 kJ/mol 


| Answer : The correct choice is (4) 


* When two atoms of two different elements combine together, the ability of one atom of 
them to attract the electrons of the chemical bond differs from that of the other atom, this 
attraction force is known as 
electronegativity which is the ability of an atom to attract the electrons of the 


chemical bond to itself. 


Ў The electron affinity differs from the electronegativity, where the electron affinity is 
an energy term which refers to an atom in its single state, while the electronegativity 


of the elements is represented by relative values and it refers to a combined atom. 


* The increase of the relative values of the electronegativity means the increase 


in the ability of the element atom to attract the electrons of the chemical bond. 


* The difference in electronegativity between elements plays a very important role in 
determining the nature of the bond formed between them 


(as will be discussed later in chapter 3 - second term). 
с\з: Т/с) OW cas poll |145 
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(the graduation of electronegativity in the periodic table 
Electronegativity increases 
8 
B 
E 
D 
2 
& 
2 
8 
3 
[2] 
Inthe same period ) (Inthe same group 
The electronegativity increases as we The electronegativity decreases as we 
move from left to right go down the group 
This is due to 
The increase of the atomic number The increase of the atomic number 
leading to the decrease of atomic radius, leading to the increase of atomic radius, 
so the ability of the atom to attract so the ability of the atom to attract 
the electrons of the bond increases the electrons of the bond decreases 


General conclusion : 
s The atoms of nonmetals of group 7A (halogens) are the greatest 
in the electronegativity, while the atoms of the alkali metals of group 1A 


are the lowest in the electronegativity. 


s Fluorine (F) is the most electronegative element, while 


cesium (Cs) is the lowest electronegative element. 
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The opposite figure shows a section in 


„Gaj 
the modern periodic table. : RAIN 
In | s050] 4, Sb | „Ге 
Determine with explanation : pe qe ! 
т 
(1) The element which has the lowest electronegativity. |= 


(2) The element which has the highest electronegativity. 


(1) >> The electronegativity decreases in the same group by increasing the atomic number. 


-. The electronegativity of ТІ element is the lowest. 


(2) - The electronegativity increases in the same period by increasing the atomic number. 


-. The electronegativity of I element is the highest. 


147 
À Scanned with CamScanner 


Questions 2 Chapter 2 


Multiple choice questions © 


OLEN] 
ee 
2] 
The atomic radius 


fJ If the length of the bond in A, molecule equals 1.98 Å, and the length of the bond in 
AB molecule equals 1.29 À 


What is the bond length in B, molecule ? 


(0.69 А (327À ©132A (3 0.6 À 
Æ The element with the smallest atomic radius among the elements of the same group 
is that which has ---........ 


the highest number of neutrons inside the nucleus. 
(5) the lowest number of protons inside the nucleus. 

© the lowest electronegativity. 

@ the highest number of electrons around the nucleus. 


The biggest atoms in size in the periodic table are those of 


alkali metals. (Б) group 1B © group 8 (à) halogens. 
£j The element atom which has the smallest atomic radius is -.........- 
| зі © gF © „Мв (e! 
Ø The opposite table exhibits 


Electronic configuration 


12 ,28? ,2р5 ‚3° ,3p 


the electron configuration of of the atom 

an atom in its ground state and bur d REA 
that of its ion. 

Which of the following conversions represents this atom ? 

@B—B* © AI — AP* 

@N—N* @ P—— p 


(148) 
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(9 Oxygen ion 1602- contains ............ 


@ 8 protons, 10 electrons. (b) 10 protons, 8 electrons. 
(©) 8 protons, 9 electrons. @ 10 protons, 7 electrons. 
The highest number of the unpaired electrons is in ............... [Atomic number of iron 
(©) Fe (5 Fet © Fe” @ Fe?* 
The effective nuclear charge is the highest in ............... 
G gri © Ее © 1% © Ғе 


© The atomic radius of fluorine „F is smaller than that of carbon „С, because ............... 

(3) the quantum numbers of the last electron of F atom are smaller than those of C atom. 

© the repulsion between the electrons of the completely filled p orbitals is stronger than 
that between the electrons of the half filled p orbitals. 

© the effective nuclear charge of fluorine is larger than that of carbon. 


@ fluorine is heavier than carbon. 


[10] Which of the following relations is correct for the elements of the same period ? 
(3) The radius of M* ion > That of X” ion. 

(5) The radius of X ion > That of X atom. 

© The radius of М“ ion = That of X. ion. 

(à) The radius of М" ion > That of M atom. 


f$] Which of the following ions has the largest radius ? 


GF @Li* (Qr @Rb* 


(B) If the atomic radius of rubidium is 2.53 Á 
What would its ionic radius equal ? 


@148A (8) 253 Å (9235 À @зА 


{ The ratio between the atomic size of the cation and that of the anion is the greatest 


Bii. 
(3) CsI (5) CsF © NaF @ KF 
Which of the following is the correct graduation of the ionic radii of these ions ? 
@ Mg” < oF < ¿0% ® oF < Mg” < 0 
OF <0% < Mg^* @ Mg” < O^ <Б 
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The element whose electronic configuration ends with ns? .............. 

(3) its ion has smaller radius than that of its atom. 

(Б) its ion has larger radius than that of its atom. 

© its atom has smaller radius than that of its positive ion. 

@ its atom has smaller radius than that of the atom of the element which precedes it 
in the same group. 


Tonization potential 


{ТЗ Which of the following equations represents the second ionization potential 
of element M ? 


+ - + 2+ - 
®© Mpt Energy — Mt, * € ® Mt, + Energy —e Mj +e 
QM, *e—- м + Епегру @ Mt, + e^ — M, + Energy 


Which of the following elements has the lowest second ionization potential ? 
© K OF (940 @N 


(fj This table shows the first three ionization 
potentials of magnesium element. 

What is the amount of energy required to 
obtain magnesium ion which has the same 
electron configuration of the nearest noble gas ? 


| First ionization potential | +738 kJ/mol 


| Second ionization potential | +1451 kJ/mol 
| Third ionization potential | +7733 kJ/mol 


@ +1451 kJ/mol (b) +2189 kJ/mol 
© +9184 kJ/mol @ +9922 kJ/mol 
(0 In the opposite table : Жарын. A Me 
Ноу enn the change Ih First ionization potential 
iis Y 1 1 
the second ionization (kJ/mol) +496 | 4738 
; Жер 
potential be opidi Second ionization potential 451 
(3) The first and second ionization (kJ/mol) +4558 | +1 


potentials are from two different 
energy levels in sodium, 
while in magnesium they are from the same energy level. 

(5) Electronegativity of sodium is lower than that of magnesium. 

© Losing an electron from magnesium atom causes the other electron to repel with 
magnesium cation. 

@ Losing an electron from sodium atom causes the half filling of 2p sublevel, while it 
requires losing two electrons from magnesium atom to cause 2p sublevel to be half filled- 
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Ё) The second ionization potential is much higher than the first ionization potential of 


the atom of ............... 
@ neon Ne (5) potassium К 
© magnesium ,Mg @ aluminum ,,Al 
Ø If the ionization potential of hydrogen Hy.) equals +1312 kJ/mol, it is most likely that 
the second ionization potential of helium He, equals .............. 
@ +5248 kJ/mol (5) +1312 kJ/mol 
© +656 kJ/mol @ +328 kJ/mol 


Which of the following equations is incorrect ? 
Na + e — Na* + Energy @® Mg + Energy —> Mg” + 2e7 
(© Ма? + e — Na + Energy @H, + Energy —- 2H* + 2e7 


£9 The first and the second ionization potentials of the element (X) which is 


located in group (2A) in the modern periodic table are represented as follows : 


(0X, —- Xp +e , АН = +589.8 kJ/mol 

(2) Xa — Xo +e ‚ АН = +1145.4 kJ/mol 
What is the probable value of the third ionization potential of (X) ? 
4798.6 kJ/mol (5) +1500.43 kJ/mol 

© +2000.82 kJ/mol @ +4912.4 kJ/mol 


Which of the following has a higher value in lithium Li than in potassium K ? 


@ First ionization potential. @® Atomic radius. 
© Atomic number. @ Ionic radius. 
Electron affinity 


Which of the following represents the proper graduation in the electron affinity ? 
© CE» ,F ,,S>,0 (5) > ,O» S» Cl 


(© F> „С1> S» 0 QD Cl» gS > ,0 > oF 


Еге 
a 
реч 
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ЁЗ Bromine forms a negative ion, while potassium forms a positive ion, because . 
@) potassium has higher ionization potential than bromine. 

(9) the atomic size of bromine is larger than that of potassium. 

© the electron affinity of bromine is larger than that of potassium. 


@ potassium has higher electronegativity than bromine. 


a 


7) Which of the following represents the proper graduation ? 
(3) Electron affinity (,,Cl < ,0 <Б). © Ionization potential (К < Mg < |;А1). 
© Atomic radius (,,As < |Р < |451). @ Ionic radius (,,Mg?* < „Са?* < KŻ). 


Electronegativity 


Which of the following elements has the highest electronegativity compared to 
the other elements in the periodic table ? 


@ „не OF © Na Q , Al 
Increasing the distance between the last electron and the nucleus in an atom 
leads to -........... 


increasing the electron affinity. 
© the ease of losing this electron. 
© increasing the attraction between the electron and the nucleus. 


@ increasing the electronegativity. 


Ё) Halogens are characterized by all the following, except -.. 
@ high electronegativity. (5) small atomic radius. 
© high ionization energy. @ small electron affinity. 


Ё What is the property which decreases in the same period with increasing 
the atomic number ? 
@ Ionization potential. (9 Electron affinity. 
© Electronegativity. @ Atomic radius. 


In the third period, on moving from sodium to chlorine, both ............ 
(3) the atomic number and the atomic size increase. 
(5) the atomic number and the electronegativity increase. 
© the electronegativity and the atomic size increase. 


@ the atomic size and the ionization potential increase. 
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In the same period, the element which gains electrons during the chemical reactions 
is characterized by ............... 

@ lower electron affinity. 

© higher electronegativity. 

© lower first ionization potential. 


@ larger atomic radius. 

Which of the following choices represents the proper graduation in electronegativity ? 
@ C « N « Si « P © 4Si « ,P « C «;N 

(ON «C « P< Si (D C < ,,Si « ,N <Р 


65 In the opposite graph : 


Which of the following elements й | | 


a 


is characterized by the highest 


w 


[3 


ability to attract the electrons ? 


© в 


0 
(5,0 12345678 91011121314 15 16 17 18 19 20 
Atomic number 
© зА1 
@ 15 


The following table shows the values of the atomic radii of four elements located in 


Electronegativity 


the same group in the periodic table (estimated in angstroms) : 


| Element A N B C D ] 


| Atomic radius (A) 19 | 24 | 167 | 26 | 


Which of the following choices is correct ? 

@) The electronegativity of (A) is lower than that of (B). 
© The electronegativity of (D) is higher than that of (C). 
© The electron affinity of (C) is lower than that of (A). 

@ The ionization potential of (B) is higher than that of (D). 
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> Lesson Two ? 


(9 Choose the number(s) of the statement(s) which illustrate(s) the difference between 
phosphide ion and phosphorus atom |Р: 

(1) The atomic radius of phosphorus is larger than the ionic radius of phosphide. 

(2) Phosphide ion contains higher number of electrons than in phosphorus. 


(3) Numbers of energy levels which are occupied by electrons in both of them are equal. 


(9 The opposite table shows the atomic and the ionic radii Т 
Element | Radius (nm) 


of sulphur and calcium : 


f BN | 165 0.104 

(1) Why is ES ionic radius larger than sé 0.184 
the atomic radius of sulphur ? 

раш Са 0.197 


(2) Why is the radius of S% larger than that of Ca?* 


Ca?* 0.099 
despite the similarity in their electronic configuration? = 
Write the electronic configuration (according to Aufbau principle) of the element which 
is located in the third period in the modern periodic table, and the difference between its 


fifth and sixth ionization potentials is very large. 


In the equation : Mj. + Energy —e Mee 
(1) What does the energy represent in the previous equation ? 


(2) Which is larger in radius, M* or M** ? Why ? 
Write the symbolic equation which represents the third ionization potential of titanium (Ti). 


In the light of your studying for : 

• Radius. e Ionization potential. 

° Electron affinity. e Electronegativity. 

What are the values required to calculate the change in energy of the reaction : 


+ 
М№а + С —- Nat * Clo) 


The opposite figures represent the relative sizes 


of each of ,;Вг , Вг- and „Е “їп no particular order". О Q 
(1) 


Choose, with explaining your answer, the proper 
(2) (3) 


figure number for each atom or ion. 
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(f The following figure represents the first four periods in the periodic table 


L [3 
A [eli ik 
B|C H| 

D| | lel X | 
"The letters in the table are not the real symbols of the elements" 


m 


Choose the symbol(s) of the element which : 

(1) Has the largest radius in the third period. 

(2) Has the lowest ionization potential in group 2A 
(3) Has the highest electronegativity. 

(4) Forms compounds with great difficulty. 

(5) Has the highest first ionization potential. 

(6) Has an electron affinity higher than (G). 


(с 
Higher — order questions 


Choose the correct answer : | 


T - s; 
The ratio between the atomic radius of an element of group 1А and the ionic radius 


of the ion of the same element may be ............... 


(3) 0.85 ®© 0.88 1 @ 1.33 


E Metal M forms the oxides (MO, M,0,, MO,). 

What is the correct order of these oxides according to the bond length ? 
(3) MO « MjO, < MO, (5 MO, < MO < MO; 

© MO, < M;O, < MO (3) MO, < MO < M30; 


ЁЛ If the four quantum numbers of the last electron in the valence shell of the atom of 
the element (X) are : (4,3, 0,44) respectively. 
What is the atomic number of the element (Y) which has the biggest atomic size in 


the same period of the element (X) ? 


@ 19 (37 (©) 55 (71 
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g The opposite figure represents the first 

ionization potentials of three elements (X) , (Y) 

and (Z), which are consecutive elements 

in the periodic table. The element (X) can be ............... 
(3) carbon „С © fluorine Е 

© oxygen ,O @ nitrogen JN 


Atomic number 


The opposite graphical figure represents 
the first four ionization potentials of 

4 elements (A), (B), (C) and (D). 

What is the letter of the element which 
represents aluminum ? 


G) (A). ®© (B). 
(5 (Q9. (&) (р). 


The following table represents the first five ionization potentials of 
the element (X) in kJ/mol : 


-8838838 


4—4 


Tonization potential (kJ/mol) 


Element 


| lonization potential First Second Third | Fourth Fifth | 


Value of ionization 
potential (kJ/mol) 


+738 +1450 +7733 


+10543 | +13630 | 


What is the chemical formula of the compound which is produced from 

the combination of the element (X) with chlorine ? 

XCI (ORON © хс; @ хс; 

E Which of the following charts represents the relation between 

the electron affinity and the atomic number in the elements of the third period 


in the periodic table ? 


Electron affinity Electron affinity Electron affinity Electron affinity 
(KJ/mol) (kJ/mol) (kJ/mol) (kJ/mol ) 
0 0 
0 C 0 
аё = е 
Atomic number Atomic number Atomic number Atomic number 
157 
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| 
In the equation : X,,, + Energy ——e Хі, + e^ 
q (g) (g) 


The absorbed energy is... 
@) less than the difference in energy between the outermost energy level and 


Essay question : 


Ё In the two compounds of chromium CrO , Cr,O,: 


“Knowing that the atomic number of chromium is 24”, 


(b) equal to the difference in energy between the outermost energy level and 11 
© larger than the difference in energy between the outermost energy level anc . 


@ half the difference in energy between the outermost energy level and the | 


:vel Q 
vel Q 
evel Q 
Q 


(1) What is the number of electrons in chromium ion in each of the two compounds ? 


(2) In which formula unit the (Cr — О) bond length is longer, CrO or Сг,О, ? Give reason. 


Ai 
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і e Atthe beginning of the nineteenth century, "Berzelius" was the first 


scientist who classified elements into two main groups (metals and 


nonmetals), according to their physical properties. Indeed that was 


before knowing anything about atomic structure. 


] e This is an old classification which is still currently in use, although 


there are no boundaries between their properties. 


E • With the development of our concept of the electronic structure of atoms, 
we can differentiate between metals and nonmetals. In addition to, a third 


group of elements known as metalloids. 
i Q Metals. 
: Э Nonmetals. 


- Q Metalloids. 
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1 Metals Metalloids Nonmetals 


13 14 15 16 17 


3 4 5 6 7 8 9101112 


Classification of the modern periodic table elements 
into metals, nonmetals and metalloids 


LA | Metals a Nonmetals 


Q Their valence shell - generally - has Ө Their valence shell - generally - has 
less than half its capacity of electrons. more than half its capacity of electrons. 

@ They have large atomic radius which Ө They have small atomic radius which 
leads to small values for ionization leads to high values for ionization 
energy and electron affinity. energy and electron affinity. 


Ө They are eleciropositive elements,.. GR. 2 | © They are electronegative elements,.. GR. ? 


Due to their tendency to lose electrons Due to their tendency to gain electrons 
of the valence shell and change into to form negative ions that have 
positive ions to reach the structure of the same electron structure of 

the nearest noble gas. the nearest noble gas. 


О They are good electric conductors,.. GR. ? | О They don't conduct electricity 


Due to the mobility of their few (electric insulators),.. G.R. ? 

valence electrons, which can transfer Because their valence electrons are 

from one position to another in the strongly bound to the nucleus. Thus it is 

metal structure. difficult for these valence electrons to be 
transferred. 
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fo) Worked Example 


The opposite figure represents 
asection in the periodic table. 

In which of the illustrated zones 

can a diatomic molecule element which 
does not conduct electricity be found ? 
GA ®в 
(9c @р 


Idea of answering: — — |... .—— 
> Nonmetals and noble gases do not conduct electricity, and they lie on the right side of the 


periodic table. 
2. The choices () and (Б) are excluded. 
- Zone (D) in the periodic table contains the noble gases, and these are monatomic elements. 


г. The choice (d) is excluded. 
Answer : The correct choice is (c) 


Metalloids 
ə The metalloids are characterized by the following properties : 
[1] They have the metallic appearance and most of the properties of the nonmetals. 
[2] Their electronegativity is intermediate between metals and nonmetals. 
© Their electric conductivity is less than that of metals, but more than that of nonmetals. 


О They are used in manufacturing some electronic instruments parts, such as transistors, 


as they are semiconductors. 


E O 


Metals Metalloids — Nonmetals 


ig esi Ваз 4! 


The metalloids in the periodic table 


OVi ат Гс) eue poll [161 
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{тһе graduation of metallic and nonmetallic property in the periodic table 


The metallic property decreases 


The nonmetallic property increases 


1^ — Меш 


The metallic property increases 


Metilloid | Nonmetal 


ЈА ДА 5A бА TA 


The nonmetallic property decreases 


The graduation of the metallic and nonmetallic properties in the periodic (а 


In the same group 


The metallic property increases 


(the nonmetallic property decreases) 
with the increase in the atomic number 
as we go down the group... GR. ? 
Due to their large atomic radius 
and the low ionization potential and 


electron affinity 


In the same period | 


The period begins with the strongest metal 
in group ІА, then the metallic property 
decreases gradually by increasing 
the atomic number along the period 
till we reach the metalloids 
To the right of the metalloids 
the nonmetallic property begins to appear 
The period ends with the elements of 
the highest nonmetallic property in group 7A 


2 G.R. (1) Cesium Cs is considered the most active metal (loses its valence electron easily). 


Because the metallic property increases in the same group by increasing 
the atomic number and it is located at the bottom of the left hand side of the table 
(the metal with the lowest ionization potential). 


(2) Fluorine F is considered the most active nonmetal (gains a new electron easily). 


Because the nonmetallic property increases in the same period by increasing 
the atomic number and it is located at the top of the right side of the table 


(the most electronegative nonmetal). 
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o The following figure expresses the graduation of metallic and nonmetallic propery 
in the third period. 

elt is clear that by increasing the atomic number, the metallic character decreases and 
the nonmetallic character increases. 


hird period 


Electron f 
configuration| 


Element | 


As the atomic number increases, the metallic property decreases 
and the nonmetallic property inci 


Test Yourself 


Q Which of the following represents the electronic configuration of the most 
electropositive element ? 


@ [He], 2s! (Б) Ме], 35? 
© [Xe], 6s! @ [Хе], 6s? 
Answer : The correct choice is ............... 


Ө The table shows the ionization [ 
potentials of three metals A, B 
and C located ín the same period 
in the modern periodic table. 


Element | А [ВС | 
| Ionization potential (kJ/mol) | 550 | 600 700 | 


What is the proper graduation of the metallic character of these elements ? 
@B<C<A @A<C<B 
©C<B<A (d)A«B«C 


Answer : The correct choice is 
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[6 | Aci їс and basic property 
• When an element combines with oxygen, they form a compound known as oxide. 


e There are three types of elements oxides, which are : 
Q Acidic oxides. QBasic oxides. Amphoteric oxides. 


Q Acidic oxides 


» The nonmetals oxides are usually known as acidic oxides, .. GR. ? 


Because : 
@ They dissolve in water forming oxygenated acids. 


Among the acidic oxides 


СО + НО —* НЊСОзаа ə Carbon dioxide СО, 
Carbon dioxide Water Carbonic acid » Sulphur trioxide S 0; 

SOyg + НО — t Н50дад e Nitrogen dioxide NO, 
Sulphur trioxide Water Sulphuric acid 


@ They react with alkalis forming salt and water. 
CO + 2NaOH aq) — > МаСОза + Н›О 
Carbon dioxide Sodium hydroxide Sodium carbonate Water 


SESETED 
Write the balanced symbolic equation which represents the reaction of 
sulphur trioxide with sodium hydroxide. 


ü Basic oxides 

e The metals oxides are usually known as basic oxides. 

• Some basic oxides are not soluble in water and others are soluble in water forming alkalis, 

the water soluble basic oxides are also known as alkali oxides. 
№0) + НО —— 2МаОНы) Among the basic oxides 
Sodium oxide Water Sodium hydroxide боа oxide Na,O 
Kj + Hg == КОНЫ, e Potassium oxide K,O 
Potassium oxide Water Potassium hydroxide Magnesium oxide MgO 


e They react with acids forming salt and water : 
NaO) + 2HCl, ——- 2МаС ау + H,0(/) 


Sodium oxide Hydrochloric acid Sodium chloride Water 
MgO) +  HjSO,qy —— MeSOgag + 129% 
Magnesium oxide Sulphuric acid Magnesium sulphate Water 
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Write the balanced symbolic equation which i 


(1) The dissolution of calcium oxide in water. 


@ Amphoteric oxides 


Among the amphoteric oxides 


Amphoteric oxides are elements oxides ə Aluminum oxide Al,O, 
ftat react with acids as basic oxides and e Zinc oxide ZnO 

act with alkalis as acidic oxides forming ө Antimony oxide 56,0; 
inboth cases salt and water. » Tin (II) oxide SnO 


200 + H580459 = ZnSO G9 * H,0(/) 

Zinc oxide Sulphuric acid Zinc sulphate Water 

2100 + 23аОнН (aq) = №210 а + Н,0( 
Zinc oxide Sodium hydroxide Sodium zincate Water 


ДУ Test Uourself 


Write the balanced symbolic equation which indicates : 


1) The reaction of tin (II) oxide with nitric acid. 


2. The reaction of tin (II) oxide with sodium hydroxide. 


[The graduation of acidic and basic property in the periodic table 


In the period In the group ) 


In the group which starts In the group which starts 
The basic Property of with a metal with a nonmetal 
he oxide decreases as 


‘he atomic number of | The basic property of the oxide 


The acidic property of 
the hydrogen compounds 


the element i; к aug i , Я 

iil Шер, increases as the atomic increases as the atomic number 

"le the acidic property number of the element of the element increases, 
ACT EASES increases, as in group 1A as ih group 7A | 
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COS pplication 


The graduation of acidic and basic property in the third period. 

• The following figure expresses the graduation of acidic and basic property in the third 
period. It is shown that, as the atomic number increases the basic property decreases and 
the acidic property increases. 


Third 
period 


Element ff 


oxide 


Oxide 


property. | 


As the atomic number increases. the basic property decreases 
У and the acidic property increases 


2 G.R. The acidic property of hydrogen compounds of group 17 (the halogens) 
increases as the atomic number increases. 


Because the increase in the atomic number in the 
group elements leads to the increase in the atomic 
radius of the halogen, therefore its attraction D 
force to hydrogen atom decreases, making it 

easier to be ionized. 


[eil 


Chlorine 
Bi 
Bromine 


sal 
lodine 


The acidic property increases 


The graduation of acidic property of halogens 


КО) Worked Example 


Which of the following graphs represents the relation between the basic property of 
the element oxide and its ionic radius ? 
sg 33 Sg} os S34 me 
£6 ЁЗ ЁБ Ps 
BE E BER PE 
EE Be EB RB A 
2* 23 23) Mg PESE P 
z B 
28 EE ae 48 

Ionic radius lonic radius lonic radius lonic radius 
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| idea of answering : — 


in the same period. 


The basic property of the elements oxides decreases by increasing their atomie numbers 


2. The basic property of aluminum oxide is less than that of magnesium oxide. 


|. The choices (Б) and © are excluded. 


: The basic property of silicon oxide is less than that of aluminum oxide. 


|. The choice (3) is excluded. 
| Answer : The correct choice is (d) 


[rhe acidic and basic property of the hydroxy compounds 


• The oxygenated acids (acids contain oxygen) and bases are considered 


as hydroxy compounds, they can be represented by the general formula (MOH), 


where M represents the element atom. 


» The hydroxy compounds can be ionized by either ways : 


As an acid 


The central atom 


Attraction 


‘The compound will be ionized as an acid if : 
The (M — O) bond is stronger than 
(О-Н) bond. 
б.е The attraction between М? and O77 
: stronger than that between Н? and 077). 


MOH MO-+H* 
Oxygenated Positive 
acid hydrogen ion 


As a base 


The central atom 
+ 


M 


Р 
% 
о, 

>, 

% 


Hi0 
Attraction 
* The compound will be ionized as a base if : 
The (O — H) bond is stronger than 
the (M — O) bond. 
(i.e. The attraction between Н+ and О - 
is stronger than that between M* and 077). 


МОН === Mt + ОН” 
Base Negative 
hydroxide ion 


= 
E«] 


6 
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(Мг) — 
If the strength of (M — О) bond and the strength of (О-Н) bond are eq... the 
substance will be ionized as an acid or a base depending on the reaction medium, this 


means that it reacts as a base in the acidic medium and as an acid in the basic medium. 


e In general, the attraction between each of (077 , M*)and(O ^, H*) 
depends on : 
- The volume of M atom. 


- The charge of M in the compound. 


COS ЛЕТОТО The basic property of sodium hydroxide. 


e Sodium hydroxide is ionized as a base, Na 
where sodium atom has a large volume 
and its ion has only one positive charge. 
Accordingly, the attraction between Na* 


and Ог decreases 


H о 
i.e. Тһе (О — Н) bond is stronger than Attraction 
Attracti si 
that of the (Na — O) bond. arde. 
So ОНГ ion is produced. 
NaOH | —— — Nat + ОН- 
Sodium hydroxide Sodium ion Hydroxide ion 
COS SEIS The acidic property of HCIO, 
» Across the same period, the size of the nonmetal atoms as chlorine decreases, and 
the electronegativity increases, so its attraction to O ^ increases, 
hence HCIO, is ionized as an acid : 
HCIO, —» H* + CIO; 
2 С.К. Hydroxy compounds of the nonmetals as bromine аге ionized as acids. 
Because the nonmetals have small atomic size and high electronegativity, 
so the attraction to O ^ increases and the bond (Br — O) becomes stronger than the 
(О — Н) bond, so the positive hydrogen ion is produced, 
168 
—__ Ф. 
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» Lesson Three 


{ тһе strength of the oxygenated acids (oxyacids) 


The number of oxygen atoms 
element atom nonbinded with hydrogen binded with hydrogen 


N Mo KOD 


o The strength of the oxygenated acid (oxyacid) increases as the number of nonbinded 


e The oxygenated acids are represented by the following general formula : 
The central m number of oxygen atoms 


oxygen atoms (О) with hydrogen increases as shown in the following table : 


Silicate group | Phosphate group Sulphate group 
| T sor 


CIO; 


Acid anion 
Sulphuric Perchloric 
Oxygenated . ; к 
фе acid acid acid 
(oxyacid) H4SiO, Н,504 
Hydroxy 
formula HO. 
МООН) но“ 
Ration:m | 0:4 
No. of i f i | | 
i i i 2 | 3 | 
nonbinded zero i 1 | i | 
oxygen atoms | 
with hydrogen | - | 
_ € | | | 
Strength Moderate | Strong | The strongest | 


of the acid 


Qe YI eu) od. clas дй 169 
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Boy Worked Example | 


Among the oxygenated acids are : 
( uiro ] | нво, | | нвго, | 


Which of the following is correct for these acids ? 


(а) HBrO is the weakest acid among these three acids. 

(5 HBrO, acid contains 3 oxygen atoms nonbinded to hydrogen atoms. 
(9 HBrO, is the strongest acid among these three acids. 

(8) The ratio (n : m) in HBrO equals (1 : 1). 


Idea of answering : — 
The following table exhibits the hydroxy formulas of these oxygenated acids, 


and (n : m) ratio in each of them : 


Oxygenated acid HBrO HBrO, HBrO, 
Hydroxy formula Br(OH) BrO(OH) BrO,(OH) 
n:m 0:1 Dd 2:1 


+: The strength of the oxygenated acid increases by increasing the number of nonbinded 


oxygen atoms with hydrogen. 
2. These acids are ordered ascendingly according to the strength as follows : 


НВгО < HBrO, < HBrO, 


Answer : The correct choice is (а) 


CÓ TE —@ 
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By increasing | The following increases: The following dec 
the atomic number | - The ionization potential. - The atomic radius 


x - The electron affinity. - The metalli 
пе die "gan ^ - The electronegativity. - The basi 
diner ES. - The nonmetallic property. 
тезше ерен, - The acidic property. 
- The acidic property of 
the nonmetals of group 7A 
- The basic property of metals. 
The following decreases : 18 
- The ionization potential. 13 14 15 16 17 
- The electron affinity. 
. - The electronegativity. 34.567 8 9 101112 


-The lic property. 


Metal — Metalloid — Nonmetal Noble gas 


Graduation of properties of the elements in the periodic table 
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Multiple choice questions (@) 


Metallic and nonmetallic property 


@ The nonmetals are characterized by .......... 
(3) high ionization energy. 

(б) being electropositive elements. 

(©) small electron affinity. 

(3) large atomic radius. 


Upon the classification of the elements, Berzelius might have relied on ............... 
(3) their atomic numbers. 

© their electron configurations. 

© their degree of electrical and heat conductivity. 

@ the quantum numbers of the last electron in the atom of each of them. 


Ø Arsenic ,,As and antimony ,,Sb are similar in .......... 

being of the fourth period elements. 

© being of group (5A). 

© being better electrical conductors than the other metals. 

(3) the four quantum numbers of the last electron in the atom of each of them. 


What is the element which can form an ion with charge (—2) ? 


(3) Selenium ,,Se (5) Silicon ,,Si 
© Strontium ,,Sr @ Iodine „1 
Ө Which of the following sets of elements includes a nonmetal, a metal and a metalloid 
respectively ? 
ОН ,Zn,B (5 Zn ,1, Br 
(OZn 1, Se @Te ,Zn , Si 
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@ Which of the following shows the electron configuration of the most 
active metal and that of the most active nonmetal ? 


Choices The most active metal The most active nonmetal 
@) [Ar] , 457 , 3d! [Ar], 457, 3d, 4р 
О) [Xe] , 6s! 15^, 2s, 25? 
© 15! 152,25, 2p? 

@ [Kr] , 55' [Ne], 357, 3р? 


Chlorine gas is less active than fluorine gas, because . 
(3) the boiling point of chlorine is less than that of fluorine. 

© the molar mass of chlorine is less than that of fluorine. 

© the atomic radius of chlorine is larger than that of fluorine. 


(0) the electronegativity of chlorine is higher than that of fluorine. 


Ø The following figure represents a section in the periodic table : 


B | c [D 


What is the letter which refers to the element that is characterized by having a small 


atomic radius and not conducting electricity ? 


A (DB 
(9C @D 
Acidic and basic property 

Sulphuric acid does not react with -.......--- 
@ MgO (5) CO, © AO, @Na,O 

© What is the substance which dissolves in water forming an alkaline solution ? 
@Mgo (9 ALO, (0510, @s0, 

q Zinc oxide reacts with caustic soda as a (ап) ---------- 

| @ amphoteric oxide. (&) acidic oxide. 

© basic oxide. (0) neutral oxide. 


= 
A 
w 
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(© Element (X) reacts with oxygen forming a gas whose aqueous solution її is the blue 
litmus paper into red. 

What is the location of (X) in the periodic table ? 

(3) 2" period, group 1 

(Б) 2" period, group 2 

©3" period, group 16 

@ 3" period, group 2 


Among the properties of some nonmetallic elements are : 

Property (1) : One of its oxides dissolves in water forming a strong acid. 
Property (2) : Its last 3p sublevel does not contain any paired electrons. 

| Which of the following is (are) applicable for each of phosphorus |Р 


| 
and sulphur |$ elements ? 


Choices | Phosphorus Sulphur 
G | (1) and (2) (1) only 
© | (1) only (1) and Q) 
© | (1) and (2) (1) and (2) 1 
© | (2) only (1) only 
The opposite table shows some elements 3 period | АІ | Si | P S | 
of the third and the fourth periods in 4"period| Ga | Ge | As | Se | 
the periodic table. 


What is (are) the element(s) of the fourth period whose oxide(s) dissolve(s) in water 
forming acidic solution ? 

@) As and Ga 

(b) Ga and Ge 

© Ga and Se 

@ Se only. 
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(B Here are 4 different compounds : 
| Na,O } .[A1,0, |. | Zno J. [ 50, ) 


> Lesson 7 2 


What is the number of each type of these compounds ? 


Choices Acidic Basic Amphoteric 
compounds compounds compounds 
© 1 2 1 
© 2 1 1 
© 2 2 0 
@ 1 1 2 


@ M0, 


© In the opposite figure, 


® муо, 


the atomic number. 
(d) Because aluminum oxide reacts as an acid with sodium hydroxide. 


| © the attraction of O% to Н+ ion increases. 


| © the attraction of O?- {о Na* ion increases. 
| © the strength of the bond between O?- and Nat increases. 


| (3) an ionization Occurs, and an acid is produced. 


(OMO 


( Why does aluminum oxide disappear on adding a little amount of it to 
| sodium hydroxide solution with stirring ? 
(3) Because aluminum |3А1 is located in the same period of sodium ,,Na 
© Because aluminum oxide reacts as a base with sodium hydroxide. 

(©) Because the basic property decreases in the same period by increasing 


(D What is the formula of the oxide of the element (M) which is located in group 1A 
in the periodic table ? 


(3) MjO 


{9 The four quantum numbers of the last electron in the atom of 
the element (X) аге: (n23,/ 2 0 m/z0,m,-- D. 

Which of the following represents the oxide of element (X) ? 
@ Its formula is XO, it can react with the bases. 

© Its formula is Х,О, it can react with the bases. 

(©) И formula is XO, it can react with the acids. 

@ Its formula is хо, it can react with the acids. 


М 
„$ z 

FJ e 

E С 


+ 2- 
[ө] 
Attraction 
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The strength of the oxygenated acids (oxyacids) depends on the number of th= 


(3) hydrogen atoms. 

© oxygen atoms binded to hydrogen atoms. 

© oxygen atoms nonbinded to hydrogen atoms. 

@ hydrogen atoms nonbinded to the nonmetal atoms. 


What is the acid which the ratio (n : m) in its hydroxy formula is (3 : 1) ? 


Element (M) is located in group (5A). 

What is the probable hydroxy formula of its oxygenated acid ? 
@ МОН), ®© MOH), 

© моон), @ MO,(OH) 


Essay questions 


Demonstrate with the balanced symbolic equations : 
(1) The dissolution of sulphur trioxide gas in water. 

(2) Carbon dioxide gas is an acidic oxide. 

(3) The dissolution of potassium oxide in water. 

(4) Sodium oxide is a basic oxide. 

(5) The reaction of sodium oxide with hydrochloric acid. 
(6) Zinc oxide is an amphoteric oxide. 


176 


(3) H,SiO, (D HPO, 
(9H,s0, @нсю, 

The weakest oxygenated acid in the fourth period in the periodic table is ............... 
© бе(ОН), © Br0,(OH) 
© АзО(ОН), @ SeO,(OH), 

Among the strong acidic solutions is ............... 
© SOKOH), (5) PO(OH), 
© Ca(OH), @ АКОН), 

Which of the following oxygenated acids is the strongest ? 
@ HOCI ® HNO, 
©н,50, G) HNO, 

Perchloric acid is a ............. 

(8) monohydric acid. (Б) dihydric acid. 
(©) trihydric acid. (à) tetrahydric acid. 


E 
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The opposite table represents the quantum A 
Quantum numbers 


numbers of the last electron in the atom Element icm 
of each of (X) and (Y) elements : (m | (D | (mp | om) | 
(1) Write the electronic configurations (X) 3 1 0 -4 | 
of the two elements. = { 
(2) Which of them is electropositive ? Explain. ОК б) 


Aluminum oxide reacts with sodium hydroxide forming sodium aluminate whose 
molecule contains a sodium atom, an aluminum atom and two oxygen atoms. 
Write the balanced symbolic equation which represents the reaction of 
aluminum oxide with : 

(1) Sodium hydroxide. 

(2) Sulphuric acid. 


Why does cesium hydroxide ionize as a base, while CIO, (OH) ionizes as an acid ? 


The following table represents the third period in the modern periodic table : 
ТА | ПА [ша [тул | và | VIA | VIIA 
А |в | c 


р ГЕ [ху 
(1) What is ће number of oxygen atoms nonbonded to hydrogen іп the strongest 


oxygenated acid of the element (Y) ? 
(2) Why is the oxide of the element (A) basic oxide ? 


© 


Higher — order questions 


Choose the correct answer : 


@ Which of the represented elements in 
the shown graph loses its 
| Valence electrons more easily ? 


First ionization potential 
(kJ/mol) 


Ох 
Qv 
0 
Oz 123456789101 
| Qw Atomic number 
(QT: e) (ee) md. cL „дый 177 
г «ащ 
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@ A mixture is composed of the oxides of two elements which are located in the third 
period in the periodic table, and after their reaction together, the product dissolves in 

| 

| water forming an almost neutral solution. 


| Whatare the two oxides composing this mixture ? 
© ALO, and N,O 
(5) Na,O and MgO 
© NajO and SO, 

| @SO, and P0, 


What is the probable electronic configuration of the last sublevel in the atom of 
the element (M) whose oxygenated acid has the formula MO,(OH), ? 


| @зр? (p) 3p? 
© 3p* Q 3р? 
£ What is the anion which forms the strongest oxygenated acid ? 
(3) 502- ® CIO; © clo; @ ао; 
In the opposite figure, if the bond (О-Н) M* 
is stronger than the bond (M — O), then 
the electron configuration of 
| the element (M) may end with the sublevel ............... 
| @2s! @ 17 
| Hi——————— pe 
© 2p! @ 2р! 
a 
Essay question : 
In the opposite figure, io 
| replace the letters (X), (Y) and (Z) E 
with what is suitable from ES (0) 
БЕ (2) 
the elements ,,Mg, ,,Al and „К F 2 
and arrange them according to 8 
І 2 3 


the metallic property. 


Number of lost electrons 
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ee А 


Lesson Four [f uni The end of the chapter 
узине 


Oxidation number is a number that refers to the electric charge (positive or negative) 


that the atom or ion would carry in the compound, whether it is an ionic or a covalent 


Oxidation numbers (states) 


compound. 


The significance of oxidation numbers : 
The significance of positive and negative oxidation numbers in the ionic compounds differs 


from that of the oxidation numbers in the covalent compounds. 


In ionic compounds J [ In covalent compounds | 


| Positive oxidation number 
| indicates 


The number of electrons that the atom has The shift of the bond electrons away from 


lost to give a positive ion (cation) the less electronegative atom 


[ Negative oxidation number 
indicates 


The number of electrons that the atom has | The shift of the bond electrons towards 


gained to give a negative ion (anion) the more electronegative atom 
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Rules for calculating the oxidation numbers E. m 
[p 
Rule Application SS 
"eui =, 
© The oxidation number of the M 


element atom in the molecule 
of similar atoms equals zero, 


Seay У аканы Тү сакс. Т айша: ale 


Molecule С: Р, 5 | 


the element ion equals 
the charge (valence) of the ion. 


whatever the number of the 7 | 
lecul GR. 9 Oxidation number | 
PONS жш. ў of element atom же 
Because the sharing of electrons BE REL AR 
between the atoms is equal. 
@ The oxidation number of 


© The oxidation number of 
| the atomic group equals 
the charge of the group. 


O The oxidation number of 
| any metal in: 
* Group 1A elements equals +1 
• Group 2A elements equals +2 


• Group ЗА elements equals +3 


KNO, MgSO, | AICI, | 


| Ө The oxidation number of 
fluorine in all its compounds 
equals –1 .. GR. ? 

| Because its electronegativity 
is greater than that of all other 


elements, and it tends to gain 
| orto share 1—7. 


Compound molecule 


Oxidation no. of fluorine 


О The oxidation numbers of 
chlorine , bromine and iodinc 
(halogens) in most of their 
compounds equal (1) , 
however their other oxidation 
numbers can be calculated 
mathematically. 


Compound molecule 


LiCl | NaBr | Kl, 


Oxidation no. of the halogen 


4 
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in most of its ormäl eL W 
Козыке иса Oxide. | Мот | Peroxide [Super With 
compounds is 2 , while its | oxide oxide | fuori 
oxidation number in : Formula (H,O, №а,0, KO, | OF, | 
* Peroxides equals —1 4 і анас) | 
id is —2 Oxidation no. 1 | 
+ Superoxides equals —-- of oxygen -l «385 25 
* Its compound with fluorine = н = 
equals +2 
О The oxidation number of Se ee eee 
Compound molecule 


hydrogen in most of its 
compounds is +1, except in its 
compounds with active metals 
which are known as active 
metal hydrides, its oxidation 


number is —1 


Oxidation no. 
of hydrogen 


Active metal hydrides are ionic compounds 
formed from the combination of an active metal 
with hydrogen in which hydrogen has an oxidation 
number —1 (negative ion). 


О The algebraic summation of 
the oxidation numbers of 
the different atoms in 
the molecule equals zero. 


In sodium chloride molecule NaCl : 
The oxidation no. of Na (+1) + The oxidation no. of Cl (-1) 


-Zero 


© The algebraic summation of 
the oxidation numbers of 
the atomic groups forming 
the molecule equals zero. 


| 
In the molecule (NH,)*(NO,)" : 


The oxidation no. of ammonium group (+1) + 


The oxidation no. of nitrite group (-1) = zero 


@ The algebraic summation of 
the oxidation numbers of 
the different atoms in 
an atomic group equals 
the charge of the group. 


In hydroxide group ОН”: 
The oxidation no. of oxygen (-2) + 


The oxidation no. of hydrogen (+1) =-1 


(2 Some elements, especially the transition elements have several oxidation numbers which 
can be calculated by knowing the oxidation numbers of the other elements. 
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2 The Periodic Table and Classification of Elements. 


| ( Hydrogen gas evolves | 
| 
| | 


At the anode (the positive electrode) 


At the cathode (the negative electrode) 


| during the electrolysis of sodium hydride melt | during the electrolysis of the acidified water | 
| 


| 
The oxidation number of hydrogen in 
sodium hydride NaH melt is (—1) 
(i.e. a negative hydrogen ion) 


The oxidation number of hydrogen in 


acidified water H5O is (+1) 


(i.e. a positive hydrogen ion) 


des to assign the oxidation number of an unknown element in a given 


compound or atomic group 


Steps 


== 

| @ Write the oxidation number of each known 
element above its atom symbol in the 
compound molecule or atomic group formula. 


Ө Multiply the oxidation number of each element 
| by the number of its atoms in the molecule. 


| Ө Assign the oxidation number of unknown 
element knowing that : 

| * The algebraic summation of the atoms of the 

| different elements in the molecule equals zero. 

а The algebraic summation of the atoms of the 


different elements in the atomic group equals 
the charge of the group. 


@ Calculate the oxidation number of : 
(1) Chlorine їп: (i) Cl, (ii) KCIO, 
(2) Sulphur in : @) (SO.?- (ii) Na,S,0, 
(3) Chromium їп: CrSO ); 
(4) Nitrogen in : (NH,)* (NO) 


182 


Compound Atomic group 
re E — 
1 ? 2 22 ,. 
K, Cr, O, (CO) 
K, Cr, О, (CO) 
(x2) C2x7) (2x3) 
2+2Cr-14=0 C+(-6)=-2 
2Cr=+12 C=6-2 
Cr=+6 С=+4 


| 
| 
| | 
| 
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| Answer : 

| 

|00@2С0\=0 2 =0 

| 

| 412 2 

| G)KCIO, =, 1+C1+(2x4)=0 ‚ Cl-7=0 28=+7 
| 

| 22 

(MOG =, $«C2x422 ‚ $2248 58246 


+1 22 
(i) Na$20, , (+1 x 2)+2S+(2x3)=0 , 28-44 DELIS) 


| 2 
@)Cr(SO); — . 2Cr+(-2x3)=0 ‚ 2бгт=+46 лбг=+3 


(4) (NH,)*(NO,) is an ionic compound which consists of two atomic groups, 


the oxidation number of nitrogen in each of them is different. 
241 
(NH,)* , N+G1x4)=41 , N=1-4 «N=3 


22 
(0 , N«C2x2)2-1 , М№=-1+4 5 №=+3 


Othe nucleus of manganese atom Mn contains 25 protons. 
What is the electron configuration of manganese in Mn,(PO,), ? 
@) [Ar] , 3° 
(6) [Ar] , 3d? 

OIA, 3d , 4s? 
ІАЦ , 30 , 4s? 
Idea of answering : — — 
The oxidation number of manganese in Mn3(PO,), : 
Mn + (2 x -3) 20 
“Mn = +2 
The electron configuration of manganese atom is : 
25Mn: [Аг] ‚4° ‚347 
^ The electron configuration of Mn?* ion is : 


Mn? : [Ar] , 3d? 


Answer : The correct choice is (b) 


Scanned with CamScanner 


| 
E 


Б 

Li 
= 
5 


2 The Periodic Table and Classification of Elements. — 


МЫШТА - 
What are the two ions which form the compound Li,N ? 
@Li* , м ®Li*, М 
OL, м @Li*, №- 
Idea of answering : 
+> The oxidation number of lithium in its compounds is .............. 
-. The choices ............... and 


A are excluded. 

72 The oxidation number of nitrogen in Li;N is : 
(3х+1) +М№=0 

aNs. 

£e due .............. is excluded. 


Answer : The correct choice is 


Ie» Worked Example 


The opposite table shows the oxidation Element | oxidation number | 
numbers of three elements A , B and C A | +2 
in a compound. | B 45 
What is the probable molecular formula of é d | 
this compound ? 
| OABC) OREA 
©A EC), @asc, 
idea of answering: — — — — c: 
* The algebraic summation of the oxidation numbers of the atoms composing the 
compound must equal zero. 
2. The probable molecular formula is the one in which the algebraic summation of 
the oxidation numbers of the atoms equals zero. 
[9 ABO, | (42 %3)4(45 х4х2)+(-2х2)=6+40-4=+42 | X 


© Авс, (42 x3) + (45 x2)+(-2x4x2)=64+10-16=0 |м 


Answer : The correct choice is (b) 


(184 
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Calculating the change of the oxidation number in an oxidation-reduction 
reaction (redox reaction) 


„Тһе advantage of using oxidation numbers is that they can help us in determining the type 


of chemical change occurring to an element during the chemical reaction. 


In the chemical reaction | 


4 ansfesring of electron, 


е 
Metal © @) Nonmetal 


The metal loses one or more electrons ; The nonmetal gains one or more electrons 
(undergoes oxidation). | (undergoes reduction). 
‚50 its oxidation number increases. | „so its oxidation number decreases. 


The metal in this case is the reducing agent. | The nonmetal in this case is the oxidizing agent. 


Oxidation 
It is the process of losing electrons resulting in increasing 
the positive charge or decreasing the negative charge 


Increasing the oxidation number 


Reduction 
It is the process of gaining electrons resulting in decreasing 


the positive charge or increasing the negative charge 


Oxidation-reduction process involves changing in the oxidation numbers 


In the balanced equation 
Number of the moles of electrons Number of the moles of electrons 
lost by the metal (M) = gained by the nonmetal (X) 


(VEE e) Y (EF) OW ees. "all 


th 
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2 The Periodic Table and Classification of Elements те 


ВЭ Test Yourselt i 


In the equation : 4Al + 30, —> 2AL0, , when aluminum atoms lose 12 mol 


Chapter === 


of electrons, so oxygen atoms .............. 


(а) gain 4 mol of electrons. (b) gain 12 mol of electrons. 
(С) lose 4 mol of electrons. @ lose 12 mol of electrons. 
Idea of answering : 


+ No. of moles of the electrons lost by aluminum = ............... 
-. No. of moles of the electrons gained by oxygen = ............... 


Answer : The correct choice is 


ie) Worked Examples 


@ Each of the following changes represents either an oxidation or a reduction reaction, 


(8) CO, — CO (5) 07 —+ cio? 
(с) №0, —- NO, (d) Vj04 — V70; 
Idea of answering : —— = 09 
?-2 22 А ? -A- 2 -242- 
@ CO, — co 0 (G6| — (соу) 
| C«C2x2)-0 С+(2)=0 | +=- — Cle(2x3)22 
C=+4 С=+2 i Cl=+1 а= 
L Reduction каке | = Oxidation process c 
г Carbon underwent a reduction process, ^ Chlorine underwent an oxidation process, 
as its oxidation no. decreased from+4to+2 | аѕ its oxidation no. increased from +1 to H 
г. The choice (2) is excluded. } + The choice (b) is excluded. 
© NO, — NO, 
2N +(-2 х 4) =0 №+(-2х 2) =0 
2N = +8 
N=+4 N=+4 


— No change VE. 


• Neither oxidation nor reduction occurred, because there is no change in 
the oxidation number of nitrogen. 


Answer : The correct choice is (c ) 


186] 
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Elucidate the type of change (oxidation or reduction) that occurred to each сї гоз 


Fej)0,43CO ——» 2Ее + 3С0О, 


0 

| carbon in the following reaction : 
| 
| 


| 7 29, 0 
Fe,0, —- Fe : 


| 2Fe + (-2 x 3)=0 

| 2Fe = +6 

| Fe =+3 Fe =0 

| V ieediücüca paces E 
Reduction process occurred to iron, 


where the oxidation number of iron 


decreased from +3 to 0 


3122 


CO, 
C+(-2x2)=0 


— 


12 
со 
С+(—2)=0 


С=+2 C244 
t Oxidation process E 
Oxidation process occurred to carbon, 
where the oxidation number of carbon 


increased from +2 to +4 


Oklucidate the change (whether oxidation or reduction) that occurred to each of 


chromium and iron in the following reaction : 


K,Cr,0, + 6FeCl, +14НС1 ——> 2KCI+2CrCl, + бЕеС1, + 7H,0 


tie 1 —— — — —————— 
+17 2 2-1 
KCrO} ——- CrCl, 

(12) +20т+(2х7)=0 @+(-1х3)=0 | 
2Cr- +12 i 
Сг=+6 Сг=+3 i 


Wr ME а 


Reduction process occurred to chromium, 


because the oxidation number of 


chromium decreased from +6 to +3 


2-1 ?-1 
FeCl — — - FeCl, 
Fe+(-1x2)=0 Fe+(-1x3)=0 
Fe =+2 Fe=+3 


= Oxidation process Es 


Oxidation process occurred to iron, 
because the oxidation number of iron 


increased from +2 to 43 
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2 The Periodic Table and Classification of Elements. C 


(Q what are the oxidizing and the reducing agents 
in the reaction : 29,5 +SO, ——» 2H;0 + 35 ? 


Choices Oxidizing agent Reducing agent 


| Idea of answering : — — — — — — — 
E Sulphur in Н,5 underwent an oxidation process, A? o 
Н, — S 
| аз its oxidation number increased from -2 to 0 ? 
2 А (+1х 2) +5 =0 
-. H5S is the reducing agent. gue 
^ S=-2 = 
2. The choices (2) and (b) are excluded. Ss: Oxidation m 
-7 Sulphur in SO, underwent a reduction process, 2-2 0 
SO. —- 5 
as its oxidation number decreased from +4 to 0 2 
S*(-2x2)20 
2. SO, is the oxidizing agent. 
2 $= iN Ei 
Answer : The correct choice is (d) Reduction 
Өрейисе the values of "n" in the following reactions : 
| ()S**«ne& — s^ 
| (22Br"-2€ ——- Br, 
| Answer : 
(1)6+(nx-l)=-2 , 6-n=-2 7 п= +8 | 
(22n-(Q2x-1)20 , 2n+2=0 , 2n=-2 nns | 


d 
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Multiple'choice'questions (©) А 
ЕН 


(J The oxidation number of hydrogen equals (-1) Їп... 
@ Сан, @н,о (H5, @нс! 


[2] During the electrolysis of all the following compounds, hydrogen gas evolves at 


the anode, except .........-. 


@H,0 (® Сан, (© Ман @ин 
Ө The oxidation number of sodium in sodium peroxide Na,O, equals -...-..---. 

(222 (5-1 (94 @ +2 
ÉJ What is the oxidation number of oxygen in OF, ? 

@-1 @ +1 ©+2 (3)-2 


Ө The oxidation number of phosphorus in phosphate ion (PO )* is 


Oz (45 (48 @-3 


The summation of the oxidation numbers of both oxygen and hydrogen їп HO 
| equals ............ 


| Go (9-4 © @м 
E What is the oxidation number of the transition metal in Al,(CrO,), ? 
(2)43 (8)45 (9+6 (@ +7 


LJ What is the oxidation number of phosphorus in pyrophosphate ion (P,0,)4-? 
(435 (45 ©+7 («10 


g In which pair of the following does nitrogen have the same oxidation number ? 
| ON 0, , HNO, ®HNO,,NO  (QNO,.N, @HNO, , HNO, 


| 


im 
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$ 2 The Periodic Table and Classification of Elements 

(0) What is the electronic configuration of manganese [,;Mn] іп Mn,(SO,), ? 
G) [Ar] ‚34% (8) [Ar] , 3d* (ОТАТ ‚42,344 OA], 45 


{E The electron configuration of oxygen ion in Na0, is ............. 


The conversion of iron (III) ion into iron (II) ion is a (an) -+-+ 
| 
(3) excitation process. (b) oxidation process. 


© reduction process. @ loss of electron process. 
| 


When aluminum is oxidized forming А1#* ion, it loses the last electron from 


the sublevel ............... 
| Qus (5) 2s (©) 2р @) 3s 
Which of the following elements is easier to be oxidized ? 
(&) Sulphur. (6) Magnesium. (© Boron. @ Argon. 


6 What is the symbol of the element which is the strongest reducing agent in 
the period that contains the element which has the highest electronegativity 


in the modern periodic table ? 


Көр © Na © Аг © К 


| 
(fj When (MnO,)- reacts and is converted to Mr?* , (МпО,)” is ........... 
@ reduced, as the oxidation number of manganese increases. 
© oxidized, as the oxidation number of manganese increases. 
| C) reduced, as the oxidation number of manganese decreases. 


© oxidized, as the oxidation number of manganese decreases. 
| 


Which of the following reactions represents an oxidation-reduction reaction ? 


| (3) CuO +H,S0, ——> CuSO, + H,O 
| ®СаСО,+2НС1 — CaCl, + H,0 + CO; 

© (Cr,0,)"  3H,S + 8H* ——> 2Сг?* + 35 + 7H,0 
| @NaCl + AgNO, ——» AgCI + NaNO, 


190 


@ Is? , 2s? ‚2р6 ©) Is? 282, 2p4 (0) Is? 282,29? @ Is? „д? ‚2 


Р 


р? 


= Ч 
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b Lesson F 


(fj All the following reactions are oxidation-reduction reactions, except 
@CH, + Br, —»CH,Br + НВг (6) 2Na + 2H,O — = 2NaOH + Н. 
© 3HNO, —> HNO, + 2NO + H,O @ CO, + Ca(OH), —» СаСО, + H,O 


(0 In each of the following conversions the oxidation number of nitrogen changes, 


except ............... 
© NO; NO (5) NO, —— NO, 
(O NH, —- (NH)* © NO, —+N,0, 


In which of the following changes an oxidation process occurs to vanadium V ? 
© vo, —+ У,0; © V0, —- VO, 

О V0, — vo G) V0, — V,0, 

8 In the reaction : Cl, + 21 ——- 1, + 2СГ 

Which of the following is the reducing agent ? 

© Chloride ions. ®© Chlorine gas. (с) Iodide ions. @ Iodine vapour. 


| 
In which of the following equations the underlined substance acts as a reducing agent ? 


(3) СаО + H,O —> Ca(OH), (5) CO, +C — 2C0 
© Cu0 +H, — Cu + H,O @ ЗСО + Fe 0, —> 2Fe + ЗСО, 


In the reaction : 2С105 + 7C ——> 3Cl, + 3C10, 
Which of the following statements represents this reaction ? 
(2) Oxygen is reduced and chlorine is oxidized. 
©) Oxygen is oxidized and chlorine is reduced. 
© Chlorine is oxidized and reduced. 


(3) Oxygen is oxidized and reduced. 


In the chemical reaction represented by the following chemical equation : 
Ni. + 2HCl ag) — NiCl (aq) + Ho 
What does happen to nickel Ni atom ? 
®© Loses le- (6) Gains 1e7 © Loses 2e7 @ Gains 2e- 


m 
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In the following oxidation-reduction reaction : 
2Cr% + ЗСІ, „+ THO —Сг;О „у + 6СГ + НТ 


(aq) 2(aq) (0) Т(ад) (аа) (aq) 
Which of the following loses electrons ? 
Фа, (Б) Ст?+ ©H,0 (Cro 


In the opposite redox reaction : Fe?* + Al —> Fe + AP* 
The electrons transfer from ............... 


@Fe** — Al (BAI — Fe? 
(Fe — Fe” @АР+* — Al 


In the process represented by the reaction: CIO —> C10% 
Which of the following about chlorine is correct ? 


Choices Electrons lonic size 
© It gains 3 electrons Decreases 
(5 It gains 3 electrons Increases 
(©) It loses 3 electrons Decreases 
© It loses 3 electrons Increases 


When NO, reacts and is converted to NO, 
The oxidation number of nitrogen ............... 


@ increases by 2 @)increases by 4 (©) increases by 8 — (3) does not change. 


The table shows the first four ionization potentials of the elements (X) and (Y) : 


r 
[ 


1“ ionization 2"4 ionization 3" ionization 4" jonization 


Element potential potential potential potential 


| (x) +590 kJ/mol +1145 kJ/mol +4912 kJ/mol +6491 kJ/mol 
| (Y) +1314 kJ/mol +3388 kJ/mol +5301 kJ/mol +7469 kJ/mol 


Which of the following describes the elements (X) and (Y) ? 

On the combination of ............... 

@ element (X) with hydrogen, the oxidation number of hydrogen is +1 
(B) element (Y) with hydrogen, the oxidation number of hydrogen is —1 
(©) element (Y) with element (X), element (X) is reduced, 


(8) element (X) with element (Y), element (Y) acts as an oxidizing agent. 


192 
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Essay questions 


(i) Give reason : 


(1) The oxidation number of fluorine in all compounds is always negative. 


(2) Hydrogen gas evolves at the anode during the electrolysis of calcium hydroxide melt. 


@ Calculate the oxidation number of : 


T 
(1) Hydrogen in : (2) Oxygen in : 
(i) KOH (ii) KH () KO, (ii) LiO 
(3) Chlorine in : (4) Sulphur in : 
(i) CL (ii) KCIO, (i) NaHSO, (ii) (S037 


(BrO) ion is converted to (ВгО,)2- ion. 
Is this conversion an oxidation or a reduction ? Explain. 


Calculate the oxidation number of zinc in sodium zincate. 


Determine the oxidizing agent and the reducing agent in the following reaction : 
2H,S + SO, —- 29,0 +35 


@ In the reaction : 
Cr,02- + 3H,S  8H* —+ 2Cr^* + 35 + 7H,0 


(1) State the reducing agent and the oxidizing agent. 
(2) How many electrons are lost ? What is their source ? 


£j The following figure represents a section in the modern periodic table : 


A 


c| | D 


Which of the illustrated elements : 
(1) Is characterized by several oxidation states, with mentioning them. 


(2) Has an oxidation state —1 in the active metals hydrides. 


(Qr ENT eh) de ess. „Ай 


kim 
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The opposite figure represents the surface 
of an ammonium nitrate crystal. Determine 
the oxidation number of nitrogen in : 
(1) The anion. 


(2) The cation. 


Higher-—'order questions. ' 


Answered in detail 


| Choose the correct answer : | 


] 
The following equation represents an oxidation-reduction reaction : 


| 4H, SO, + 3H,S + K,Cr,0, —> 7H,0 + K SO, +35 + Cr,(SO,), 
| What is the number of moles of sulphur atoms which are exposed to 
an oxidation process in this equation ? 
@1 (53 (94 (57 
Essay question : 
@ The table shows the quantum numbers ^m Quantum numbers of 
| of the last electron in the atom of each S the last electron = 
of 4 elements : w n=3,=0,m=0,m,=+4 
P А | 
| 1) Which of the elements shown in X а=2,/=1,шу=-1,т„=—1 
| the table : = 
| 1 
(i) Reduces hydrogen upon Y |n=3,l=1,m=+1,m,=-5 
| combining with it. 1 
| 2 |n=3,l=1,m=-1,m, 5-7 
(ii) Is the strongest oxidizing agent. 


(2) What is the oxidation number of element (Z) 


| when it combines with element (W) ? 


(194) | 


| 
j 


4 
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— Choose the correct answer for the questions @ : @ t^ үг | 
(1) Each of the following statements shows the correct graduation of TN col 
the mentioned property in the representative elements, except ............... 

@ electron affinity („О < |$ < ¿F < Ке) 

(8) ionic radius o « ie” SF < Ма”). 

© acidic property (HF < НСІ < HBr < HI). 


© the oxidation number of oxygen (MgO < Na,O, < KO, < OF) 


© Which of the following oxides react together when dissolved in water ? 
ALO, , ZnO 

© Na,0 , MgO 

(© NajO , P0; 

(3) S0, , P0; 


(3] Which of the following oxygenated acids has the lowest x value ? 


9999 


(4] In the second period, on moving from lithium to fluorine. ............. 
@ the atomic size decreases. 

© the ionization potential decreases. 

© the electronegativity decreases. 


© the nuclear charge decreases. 


y 
e 
a 
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Chapter 


—— 


laa 


© The following table exhibits the electron configurations of 4 different elements : 


| [Kr], 4410, 55? B [Кт], 552, 4410, 5р, бу? 


| [Xe], 652, 4/15, 5410, 6p°, 75! | | [хе], 4f^*, 541 ‚бу? | 
What is the number of the elements which are located in s-block ? 
G1 (52 
©з @4 


(6) In which of the following is the summation of е two oxidation numbers of 


| manganese and nitrogen — each in its compound - the least ? 


| Choices | Manganese compound Nitrogen compound 
© | MnCl, N, 
® | MnCO, NO, 

| © | K,Mn0, NH; 

| @ | Mn(OH), NH,OH 


© Which of the following statements is correct ? 


(2) The element with the atomic number 80 is located in the 6" period, group (1B). 

| © The element with the atomic number 38 is located in the 6" period, group (2B). 

© The element with the electronic configuration : [Xe], ар! f 5d°, 652 is located in 
6? period, group (7B). 

© The element with the electronic configuration : [Ar], за! 0 45? A 4p* is located in 


4 period, group (6B). 


© What are the two metals whose oxides can react with both acids and alkalis ? 

(3) Na ,Zn (0) Mg , Al 

© Mg , Be (АІ, Zn 

© Which of the following represents the proper graduation of the electronegativities 
of the elements (X / Y / |7 / M)? 

()Y«X«Z«M G)MeZ«Y«x 
(X«Z«Y«M @M<Y<X<Z 
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© Which of the following represents the correct relation between the atomic radius 


and ionic radius ? 


@ Which of the following statements is correct ? 

(3) Lanthanum „Га and actinium ,,Ac do not belong to lanthanides and actinides. 
(6) The element whose atomic number is 31 is located in the third period. 

© The electron configuration of ,,Co does not follow the system : ns!2, (n — 1)4!:19 


(@ All actinides are synthesized. 


© Element (X) is located in the fourth period, group (15) in the modern periodic table. 
Which of the following represents the electron configuration of the last energy level 
in its atom ? 

@ d orbitals are half filled and s orbital is completely filled. 

(6) s orbital is completely filled and p orbitals are half filled. 

© d orbitals are occupied by electrons and s orbital is half filled. 

(3) p orbitals аге half filled and s orbital is half filled. 


(13) Which of the following graphical figures represents the graduation of the atomic 
radii of the elements of group (1A) ? 


Atomic radius Atomic radius ‘Atomic radius Atomic radius 


| 
ы” bom Number Number 


Number Number 
3$ 03159 3: "pota 3 A 16 37 etpoom 3 i| 19 37 ofpomm 3 П 19 37 эро 


© © © © 
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© The opposite table shows 
the first five ionization potentials of 


the element (X). 


in the three compounds ? 


2 The Periodic Table and Classification of Elements 


What is the number of the group of 


lonization potential (kJ/mol) 


First | Second | Third 


Fourth | Fifth 


+738 | +1451 


+7133 | 


+10541 | +13629] | 


the element (X) in the modern periodic table ? 


(@) 1n the reaction : 3NaCIO ——- 2NaCI + NaCIO, 


@1 ®2 
OB @14 
© What is the oxidizing agent in the reaction : Cu + 2Ag* —» Cu?* + 2Ag ? 
© Cu (б) Agt 
© Си? @ Аг 


Which of the following choices represents the oxidation numbers of chlorine 


Choices NaClO NaCl NaClO, 
© -1 -l +5 
© +1 -l1 +5 
© +1 -1 +7 
@ +2 +1 +7 


Number of 
unpaired electrons 


Number of 
Unpaired electrons 


Number of 


unpaired electrons 


3 
2 
1 


Number 


© 


1З 14 15 16 17 18 of protons 


13 14 15 16 17 18 of protons. D 14 15 16 17 18 


© 


@ Which of the following graphical figures represents the number of the unpaired 
electrons in the orbitals of 3p sublevel in the elements of the third period in 
the periodic table ? 


Number of 
unpaired clectrons 


Number 
of protons 


p d 


Number 
И 
TW 18 1617 18 of prot 


@ 
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@ In the following equations : 


(1) Nay, —> Nat +e AH=w 
(2) Nap —> Nat, + 27 АН =х 
G) Nacy — Nag) АН=у 
(4) Na, —> Кай, 42e AH =2 


Which of the following equations represents the second ionization potential of 
sodium ? 

@ Equation (2) X Equation (1). 

© Equation (2) – Equation (1). 

© Equation (3) — Equation (1). 

(3) Equation (4) — Equation (3). 


© The electronic configuration : [Xe] , бз? 5d! 4514 6p? 
represents ............... 

@an inner transition element. 

(©) а main transition element. 

© a representative element. 


@a noble element. 


@ (1) : Number of protons in Mg” is higher than that in AP* 


(2) : Number of neutrons in each of Mg?" апа А1?* is higher than the number of 


protons in each of them. 


(3) : The electronic configurations of Mg?* and AP* are similar. 


(4) : Numbers of neutrons in both of Мр2* and AP* are equal. 
g 


Which of these statements represent Ар апі 262+ ions ? 


@ (1) and (2) only. (8) (1) and (3) only. 
© (3) and (4) only. @ (2) , (3) and (4). 
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| Answer the essay questions e : @ 


D Two compounds HIO and HCIO, , 
Which of them is more acidic ? Explain. 


@) What is meant by that the bond length in NaCl = 2.79 А? 


n The opposite figure represents 


the first ionization potentials of Е bis Ne 
3 2000 
some elements of the second and & 
. | 5 #1500 
the third periods. ЯШ 
В < 1000 
Why is the first ionization potential of neon Ж 500 
[5 
higher than that of sodium ? 0 = 


Atomic number 
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(3) that they can be observed through flashes. 

© that they both move in straight lines. 

© that they both are particles. 

@ the direction of their deflection in an electric field. 


Q Bohr's and Rutherford's models are similar in that................ 
(3) the electron can gain a quantum of energy. 
© the electron can not be found within the regions between the energy levels. 
© the electron orbits the nucleus in definite constant orbits. 
© the electron is a negatively charged particle. 


© Which of the following properties is not among those of the line spectrum ? 
© It consists of coloured lines separated by lighted areas. 
© It arises from the return of the excited electron to its level. 
© It is produced through heating the atoms of the elements in the state of gas or vapour. 
@ Each element has a characteristic line spectrum. 


@ The opposite figure shows the probabilities of finding B 
the electron in the atom. © AY e AE 
The most accurate choice is ............... 
(2) B, C and D are consistent with Bohr’s model. 
©) A, C and D are consistent with the modern atomic theory. 
(©) B, C and D are consistent with the modern atomic theory. 
(4) A, B and C are consistent with Bohr's model. 


(&) that the nucleus of the atom is positively charged. 
© that the atom is electrically neutral. 
© that the atom is not solid but contains a vast space. 


(@) the probability of finding the electron in the spaces around the nucleus. 
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@ The values of the sublevels of a principe! cnm loval era op to 2 
This principal level is ........... 
@L 

| OK OM 


o The electron configuration of an atom ends with the sublevel 4d, the number of 
] the orbitals which are occupied by electrons in the principal level n —4 is ........... 


| @7 (94 
| (26 (5 
o If 22 , then the values of m; and m. of the first electron in the sublevel 
NE 
@m=t2 , m= +4 
®©m=-l , m, d 
©пт,=-2, m =+} 
(mp4 , m =+} 
19) Element | аќ | uB 
First ionization potential (kJ/mol) | +732 +495 


Second ionization potential (kJ/mol) | +1451 +4558 


The second ionization potential of element (B) is much higher than the second 
ionization potential of element (A), this is attributed to ............... 

(2) losing 2 electrons from the principal level L in (B). 

®©) breaking the principal level L in (B) and the increase of the positive charge. 
© breaking the principal level L in (A) and the increase of the positive charge. 
(3) losing 2 electrons from the principal level M in (A). 

à 4 elements are located in one group starting from the second period in the periodic 
table, so the electron affinity of the element whose electron configuration is 
Is? ,25? , 2f , 3s! equals ........... 

(5) -53 kJ/mol (5) -60 kJ/mol 
| O-48 KJ/mol @ -47 kJ/mol 
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@ The opposite table shows the electronic Element | Electro р figuration | 
configurations of some elements, X Ne] : 3s? , 3p 

the element which has the highest 
electronegativity is .... 


@Y 


lio 


Y [j9Nel : 3s? , 3p? 
7 [,gAr] : 4s? ‚340 „4p 


x R [Kr] : 55? , 44 ‚5р? 
OR - 
@7 

© ve opposite Gb shows Element Quantum numbers | 
the quantum numbers of i "anre | 
the last electron in | 
the atoms of some elements. Y n=2,l=1,mj=#1,m,=-}| 
Which of these elements is electronegative ? Z |n=2,l=1,m,=-1,m,= d | 
@Y R n=3,l=0,m=0,m,=-4 | 
(x 
©R 
(OJA 


© The ion X* electronic configuration ends with 6s? , 477+ , 5d® 


This means that element (X) is located in the group ............... 
8 © 10 
ӨШ @9 
The opposite table shows the outer electron The outer 
© : Element | мор configuration 
configurations of some elements, M 
Which of the following is correct ? A cd 
(@) HC is more acidic , and (A) has B зр 
the largest radius. 
. P с ар 
(©) HB is more acidic , and (С) has 
the largest radius. 
(©) HC is more basic, and (B) has the smallest radius. 
(d) HB is more basic, and (A) has the smallest radius. 


204 
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4 elements in the same group 


estimated in angstroms. | 196 21 | ES ЕТИ 
Which of the following is correct 7 É = 
@ Element (C) has lower electron affinity than element (A). 


@® Element (A) has lower clectronegativity than element (B). 
© Element (D) has higher electronegativity than element (C). 
@ Element (B) has higher ionization potential than element (D). 


© Assisted by the opposite diagram which 


shows the values of the first ionization а s 
potentials of elements of the same group Б 5% 
2 ^ 
in the periodic table. ВЕ 400 
The element with the highest metallic 35 300 
; 87 
property is ............... т 20 
(OP: qp 
(5) Z 0 Element 
Ov V wx 2 
@w 
(a é 
@ The opposite table shows | Element A | B | C D | 
the electronic configuration die асаан: ef af | a? | a? | ae 
of the last sublevel in the last sublevel 


some elements. 
Which of the following is correct ? 
(3) (B) is a nonmetal and its electron affinity is high. 
©) (C) is a metal and its electron affinity is high. 
| © (A) is a nonmetal and its electron affinity is low. 
| (0) (D) is a metal and its electron affinity is low. 
@ ? P 
@) According to the equation: X +e” ——» X + High energy 
Among the properties of element (X) that ............ 
its oxide is amphoteric, and its ionization potential is high. 
(b) its oxide is basic, and its ionization potential is high. 
© its oxide is acidic, and its ionization potential is high. 


(8) its oxide is acidic, and its ionization potential is low. 
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(D The opposite curve shows the graduation in Electron affinity 


the value of electron affinity of 4 elements in 

the third period (not in successive groups). , 
The correct order of the oxides of these m 
elements relative to the acidic property is................ WX Y 
()Z2«Y«X«W 

®X<Y<Z<W 

©Z<W<X<Y 


@W<X<Y<Z 


ionization potentials are : 


SX——eX +e, AH-4500kJ/mol 


K X aee, АН = 4675 kJ/mol 
ox? x +e , AH - 8780 kJ/mol 

Then, the element which precedes it in the same period is located in 
the first group A 

(5) the second group A 

© the fourth group А 

(9) ће third group A 


@ Three representative elements X , Y and Z are located in one period and 
three different groups, 


the formula of the oxide of each of them is : X,0 , YO, and ZO, 


@Z>X>¥ 
(DX»z»Y 
©X>Y>Z 
@Z>Y>X 


/ 


— —— Element 


Z 


@ You have the element (X) which is a representative element, and their probable 


The correct order according to the atomic radius of each of them is ............... 


— 
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(© In the equation : НСІ 


(1 Choose the correct answer for the folinwiie questions t 


1 
(ag) * НИМО, ад МО) уе 


Which of the following represents the previous reaction ? 


ое + 2006 


у 
| @ Nitrogen undergoes oxidation process. (б) HNO, is the reducing agent. 
© Chlorine undergoes reduction process. — (3) HCI is the reducing agent. 
ө In the equation : 2ЕеС1 ay) + HS qq) —> 2HCliqq) + 2ЕеС1 
Which of the following represents the previous reaction ? 


xag * 5в) 
(2) FeCl, is the oxidizing agent. 
(Б) A reduction process occurs to sulphur. 
© BS is the oxidizing agent. 
@ An oxidation process occurs to iron. 
io Three different elements, their radii are ordered as follows : X» Z » Y, these 
elements form the following acids : HXO, H YO p H,ZO, 
What is the correct ascending order of the strengths of these acids ? 
© H,YO, <Н,20, < HXO (5) H20, < H,YO, < HXO 
© HZ0, < HXO < H,YO, @ HXO <Н,20, < H,YO, 
) In the compound С(ОН), y the attraction between (O , C) is equal to the attraction 
between (О , H), so this compound is ionized ............... 
©) in water as a salt. © according to the type of the medium. 


© in basic medium as a base. @ in acidic medium as an acid. 


9 In helium atom He, 
© the values of the spin quantum number are similar. 


m1 


© the values of the spin quantum number are different. 


Om =- 
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О The electronic configuration of the element (X) ends as follows : ns! ‚(в—1)45 
‚ and its electrons are distributed in 5 principal levels. 
What is the atomic number of this element ? 
(3) 29 (524 
(047 @ 42 

(7] Sr element is located in the fifth period, group (2А) in the modern periodic table. 
Which of the following represents the electronic configuration of its ion ? 


© [Ar] , 4s? ‚3410 , 456 © [Ar] , 4s? 
© [Kr] 52,4410, 5p4 @ [Kr] , 55? 

С In terms of ће opposite table, | Bond F-F Br. Br 
if the length of T bond (C - Br) | Bond length | 128А 228À | 
in СВг,=191А 
What is the length of the bond in CF, ? 

(2) 1.14À (141À 
©o77A @ 04А 


i . + 2+ 2+ "b 
@ Four ions : „М“, 17 pl ox 
What is the correct ascending order of their atomic radii ? 


@Z<Y<X<M @Y<Z<M<X 
©X<M<Y<Z @Z<Y<M<X 
© Which of the following choices is correct for the elements „X and ,,Y ? 


(2) It is easier to reduce (X) than (Y). (b) It is easier to oxidize (Y) than (X). 
© Both (X) and (Y) can be easily reduced. (0) Kt is easier to oxidize (X) than (Y). 


@ The opposite table shows some properties 

of the elements (X) and (Y) which are 

located in the second period in the periodic table. 
Which of the following statements is correct ? 
Element (Y) is located in group (6A). 

© Element (X) is located in group (2A). 

(c) Element (X) is located in group (6A). 

@ Element (Y) is located in group (2A). 


Property 0 [m 
Electron affinity Low | High 


lonization potential | Low | High 


Oxidation number +3 -2 


4 
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M ———— Questions of ) Exam 


(12] The element whose last principat energy level (n = 3) contains 6 electrons forms 
(8) an amphoteric oxide. © an acidic oxide. 
(©) a neutral oxide. @) a basic oxide. 


© The highest amount of energy is released when the excited electron of hydrogen 

atom transfers from ............... 

@ the orbit M to the orbit L, and the location of this electron can be determined. 

© the orbit N to the orbit M, and neither the location nor the speed of this electron 
can be determined precisely. 

© the orbit L to the orbit K, and this electron has a dual nature. 

© the orbit L to the orbit K, and both the location and the speed of this electron 


can be determined precisely. 


Ф Element (X) is located in the group (4A). 

Which of the following its electron affinity is the highest ? 

@x ®х Ox Qx- 
@ On comparing the properties of the elements of the group whose electronic 
configuration ends with ns! to the properties of the other elements, it is 
noticed that ............... 

(3) their oxides are basic and their electron affinities are high. 

© their oxides are acidic and their electron affinities are low. 

© their oxides are basic and their electron affinities are low. 


(d) their oxides are amphoteric and their electron affinities are high. 

o What are the values of both principal and magnetic quantum numbers of 
the penultimate electron in sodium atom Na ? 
@n=3 , my = +2 @n=3 , me=-l 
©n=2 , m=4l @n=2 , m=-2 


17] The opposite table shows Element А B 
"m "n ет 

oe radi of four different atoms. | Atomic radius | 134 À | 2.11 А 1073À | 1.74 А) 

Which element among these elements 


has the highest electronegativity ? 
G)A (B 
| Oc @D 


теср) Ht) A. dens. pola 
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© The weakest metal in the group (ПА) in the periodic table is located i: 


j| E 
(3) sixth period. (6) fifth period. 
(©) seventh period. (d) second period. 
© What is the type of the elements in which the electron configuration ends with 
ns!? „пр! ? 
(3) Representative. © Main transition. 
© Inner transition. @ Noble. 


@ In the equation : MOH МО” + Н+ 

If the values presented in the following choices represent the first ionization 
potentials of the first four elements in the same period «with no particular order». 
What is the value of the first ionization potential of (M) ? 

(3) +580 KJ/mol (5) +1400 kJ/mol 

© +780 kJ/mol @ +520 kJ/mol 


@ The probability of the presence of the electron around the nucleus is represented 
(3) the orbital and the electron cloud. 

(5) the quantum and the line spectrum. 

© the line spectrum and the orbital. 


(9) ће quantum and the electron cloud. 


AN 


(22) Dalton and Thomson agreed on that carbon аќот ............... 
@ has no spaces within it. © is electrically neutral. 


© contains negative electrons. @ is a homogenous sphere. 


@ The modern atomic theory agrees with Rutherford’s atomic model on ............... 
@ that the atom is not solid, 

© that the electrons have wave properties. 

© that it is impossible to determine both the location and the speed of the electron 


together precisely. 


@ the system of the revolving of the electrons around the nucleus. 
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(Т) The opposite table shows - ee 
e [^ gu PEDE 
| ( 


the ionization potentials of 


three metals in the same period in чоп potential (kJ/mol) | 2800 | 1500 | 700 | 
| the modern periodic table. 

What is the proper graduation of 
| the metallic character of these elements 7 
| @B<C<A @A<C<B 

©C<B<A @A<B<C 


6 Three elements X , Y and Z, their electronic configurations end with ns’. 
and the values of their electron affinities are ordered as follows : Z > Y > X 
What is the correct order of graduation of their metallic character ? 
(Y«Z«X (DZ«X«Y 
©Y<X<Z (Z«Y«X 

o According to Hund's rule and Pauli’s exclusion principle, the last two electrons which 
have the highest energy in the atom of the element „X are different in both 
quantum numbers ............... 
© land my © n and my 
© m, and / @ m, and my 

27) Bohr’s atomic model differs from that of Rutherford. 

What is the postulate in Bohr’s model which clarifies this difference ? 
(2) The electron displays a line spectrum when it loses a quantum. 

(5) The electron is a negatively charged material particle. 

© The electron does not display a line spectrum when it loses a quantum. 
© The electron revolves around the nucleus in certain orbits. 


Electronegativity 


9 In the opposite graphical figure : 
Which of these elements has lower electron affinity ? 4 
2х : 
OM i 
© Z Witz Element 
| Ow 
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$ 
(29] What is the symbol of the energy level which contains s , p and d 
sublevels only ? 
GL ©M 
©N @«k 
@ The first ionization potential of fluorine (,F) is higher than that of oxygen (,0) 


because ............... 


@ number of energy levels in fluorine > number of energy levels in oxygen. 
© number of energy levels in fluorine < number of energy levels in oxygen. 
© atomic radius of fluorine > atomic radius of oxygen. 


(d) atomic radius of fluorine < atomic radius of oxygen. 


Gi) What happens when sodium hydroxide solution is added to aluminum hydroxide ? 
@ They don't react together, because they are both acids. 

© Al(OH), reacts as a base. 

© They don't react together, because they are both bases. 

(3) АКОН), reacts as an acid. 


@ The electronic configuration of the ion of a trivalent metal is [Ar]. 
What is the type of this metal ? 
(3) Main transition. © Inner transition. 


© Inert. @ Representative. 


© Which of the following statements represents the ionic compound which has 
the formula Y,X ? 

(Y) is a nonmetal, (X) is a metal. 

(Б) (Y) is a nonmetal, (X) is a metalloid. 

(©) (Y) is located in group (1A), (X) is located in group (6A). 

(9) (Y) is located in group (6A), (X) is located in group (1А). 


Ga) If the ions A” , В2- are of two elements in the same period. 
Which of the following choices represents a comparison between 
the electronegativities of the two elements of these ions ? 
@A<B (DAzB 

(DA»B @A=B 
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numbers (n = 2 NE 0)? 


EÈ What is the sublevel in which the last electron has the two quantum 
| @ 2s © 2р 
| (0 Is @ 3p 
®© The orbitals of the same sublevel are different in .............. 
| (3) the distance from the nucleus. (5) the magnetic quantum number. 
|. © shape and size. @ the subsidiary quantum number. 


@ What is the number of orbitals occupied by electrons in an atom in which 
] 
| 
| 


3p sublevel is half filled with electrons ? 
@ 6 67 
©8 @9 
© When an electron transfers from the level K to the level L, it gains one quantum, 
|. and when it transfers from K to N, it gains ............... 
@ 05 quantum. © 1 quantum. 
© 2 quanta. @ 3 quanta. 
© Among Heisenberg's modifications of Bohr's atomic model ............. 
© it is difficult to determine both the location and the speed of the electron together 
around the nucleus precisely. 
© the space regions between energy levels are not forbidden for the electrons. 
© the electron is a material particle with wave properties. 


@ both the location and the speed of the electron can be determined precisely. 
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Choose the correct answer for the following questions : 


@ The opposite table shows the atomic | Element (A) | (В) | (b) 
ks inth SAM a 
radii of four elements п the some group Atomic radius T | aan | МР leas 
in the periodic table estimated in angstroms. (A) 


Which of the following is correct ? 

@ Element (A) has lower electronegativity than that of element (В). 
© Element (D) has higher electronegativity than that of element (C). 
© Element (C) has lower electron affinity than that of element (A). 

(3) Element (B) has higher ionization potential than that of element (D). 


e Bohr's atomic model is distinct from that of Rutherford in that the electrons in 
Bohr's model ............... 
(3) revolve in certain orbitals. © revolve in definite constant energy levels. 


© revolve in high speed. @ revolve around the nucleus. 


Gi If the electron gains an amount of energy equals 10.2 eV to transfer from the energy 
level K to L, so to transfer from the energy level M to L It may ............... 

(8) lose an amount of energy equals 1.89 eV (b) gain an amount of energy equals 1.89 eV 
© lose an amount of energy equals 10.2eV (d) gain an amount of energy equals 10.2 eV 


© The second and third ionization potentials of the element (X) are represented by 
the following equations : 


X = +e AH = +1450 kJ/mol 
X ete AH = 47730 kJ/mol 


It is concluded from these two equations that the element (X) compared to 
the element which precedes it in the same period is 


© a nonmetal with lower ionization potential 
©) a nonmetal with higher ionization potential 
© a metal with lower ionization potential 
@ a metal with higher ionization potential 
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@ Two elements (X) and (Y) are located in the same period, their radii аге (0.157 А) 
and (1.04 À). 

It is possible when they combine chemically that 

@ element (X) undergoes oxidation and element (Y) undergoes reduction. 

© element (X) and element (Y) both undergo oxidation. 

© element (X) undergoes reduction and element (Y) undergoes oxidation. 


@ neither element (X) nor element (Y) undergoes reduction. 


O What is the drawback of Bohr's model which was modified by the modern 
atomic theory ? 

@ The electron has wave nature only. 

(©) The electron is just a negatively charged particle. 

© The electron has dual nature. 


@ The electron revolves around the nucleus in an electron cloud. 


(9) The opposite table shows the electronic configurations | Electronic 
of the atoms and ions of some elements. m configuration 
Which of the following choices represents АР [Ме] 
the correct graduation of the electronegativities B% [Ne] 
of these elements ? c [Ar], 45 
@A>B>D>C D [Ne], 3s” | 
®B>C>A>D 
©D>C>B>A 
@A>D>C>B 


o Each of hydrogen and helium contains one energy level. 

Which of the following describes the two elements ? 

The two elements are different in their line spectra. 

(b) The two elements are equal in the number of electrons in each of them. 

© The two elements are different in the principal quantum number of their 
valence electrons. 


@ The two elements are similar in their line spectra. 
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© By applying the wave mechanical equation to the last electron in 5^3: m atom y Na 
It is found that ............... 
@ it is possible to determine its location precisely in the energy leve! 


(Б) it moves back and forth from the nucleus within the energy level M 


M 


(©) its energy is lower than that of the electrons of the energy level L 


@ it transfers to the energy level L after losing a quantum. 


(D To obtain the hydrogen atom visible spectrum of an electron which has been excited 
b to the third energy level M, this electron must .............. 

(3) lose a quantum lower than that gained. 

(®) lose a quantum which is gained. 

(©) gain a quantum. 

@ lose a quantum higher than that gained. 


@ The electronic configuration of the element (Х) ends with Зр! sublevel. 
Which of the following choices represents the element (X) relative to 
the elements which precede it in the same period ? 

@ Anonmetal with high electron affinity. 

(&) A nonmetal with low electron affinity. 

(©) A metal with high electron affinity. 

@ A metal with low electron affinity. 


(D The electron configuration of element (X) ends with the sublevels : 587, 4410, 5р 
Which of the following choices represents the element (X) relative to 

the elements which precede it in the same period ? 

Its oxide is basic and its ionization potential is small. 

(b) Its oxide is amphoteric and its ionization potential is high. 

(©) Its oxide is acidic and its ionization potential is high. 


(d) Its oxide is acidic and its ionization potential is small. 


a 


N 
= 
о 
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Choose the correct answer for the questions @ : & 


(1] Three consecutive elements X , Y апа 7 in the periodic table, 


if the first element X is a noble gas. 


What is the symbol of the ion of Z ? 

or zz 

or @z 

Ө Here are 4 hypothetical symbols for four elements ions : (А2+ / B7 / С / D?*). 
| Which of the following statements represents all these ions ? 

(2) The number of electrons in each of them is higher than that of the protons. 
(b) Their nuclei contain the same number of neutrons. 

© Their nuclei contain the same number of protons. 


(8) The electronic configuration of each of them is similar to that of the nearest inert gas. 


9 Element (X) burns in air forming white powder which when dissolved in water, 
it forms a solution turns the red litmus paper into blue. 

What is the probable name of this element ? 

@ Sulphur. © Iodine. 

© Carbon. @ Magnesium. 

(4) In which of the following ions the electron cloud has the largest size ? 
@ s+ ® AP* 

© Be?* @ N% 

| Ө What is the number of electrons lost or gained by nitrogen atom 

in this conversion : NO, —> N,0, ? 

(3) It loses one electron. (Б) It loses two electrons. 


Olt gains one electron. @ It gains two electrons. 
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$ 
@ Which of the following is incompatible with aufbau principle ? 


om mmt om 
| om mti off] 


(7] Which of the following represents both the location and the block of 


the element whose atomic number is 24 ? 


Choices | Period | Group | Block 
© | 6 4B d 
® | 4 6B d 
© | 6 4B p 
(©) | 4 6B p 


(5] What is the number of the elements which may form compounds but with great 
difficulty in the fourth period in the periodic table ? 


(31 (52 (33 (4 

© What is the number of the elements in which the orbitals of 44 sublevel contain 
one single (unpaired) electron or more in the ground state ? 

7 (58 

(99 (à) 10 

© Which of the following choices represents the electronic configuration of the atom 
which has higher electron affinity ? 


G [Ne], 32 , 3p° (B [Nel], 3s? , 3p? 
© Ne], 322 ,3pf ,3 , 4s! @ [Ne], 357 , 3p* 
@ Which of the following elements has the highest electronegativity ? 
@) Al ® sl 
© „5 @ „5е 
@ Which of the following elements has the lowest first ionization energy ? 
(9 ;B (5 C 
© Al @ „5 
218 
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(D Which choice does represent the correct graduation in increasing the metallic 


property ? 
© 48i < 15Р < 168 © As < ,P« ;N 
© Al < 44Ge < Sb © Вг < „5е < 44As 


@ Two ions (X^) and (Y+), both have the same electron configuration [Ar]. 

Which of the following statements represents the two elements of these ions ? 
(3) The atomic radius of element (X) equals half that of element (Y). 

(b) The electronegativity of element (X) equals that of element (Y). 

© The first ionization potential of element (X) is lower than that of element (Y). 


@ The electron affinity of element (Y) is lower than that of element (X). 


@ Which of the following transitions in an atom of hydrogen 
produces a photon with the highest energy ? 


(3) (n 23) — (n= 1) © n25)—-(n23) 


© (n = 12) —— (n = 10) @ (n = 22) —+ (n - 20) 


@ Which of the following represents an electron configuration 


of an excited atom ? 


(0) 1s? , 2s? , 2p! © 182, 282, 2p? 
© 12,252, 2p? , 3s! @ 1s? , 2s? ‚2р? 


@) in the reaction : CIO; + SCI” + 6Н* —+ 3СІ, + 3H,0 


What are the oxidizing and the reducing agents ? 


Choices | Oxidizing agent | Reducing agent 
cr clo, 
© ji CIO; cr 
G) CIO; d 
@ cr j 
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(15) Which of the following elements atoms in its ground state could have an electron 
with the quantum numbers : (n = 3 , {=2 „m= 9,m,-4 D? ? 
@ Na © Ms 
Ow OV 
© 6 g of carbon react completely with 16 g of oxygen gas to form 222 c: CO, 
What is the mass of CO, which is produced from a mixture formed c: 24 g 
of carbon with 100 g of oxygen gas ? 
(940g (44g 
(9888 @112g 
@ All the following are deflected by the effect of the charged plates, except .............. 
(3) hydrogen atoms. v 
© cathode rays. 
© alpha particles. 
@ protons. 


AER 


@ What is the name of the halogen which is located in the third period in 
the periodic table ? 

@ Chlorine ,,Cl 

(© Iodine 1 

© Bromine „Вг 


@ Astatine At 
= 


(2) Deduce with explanation the oxidation number of the representative element whose last 


electron has the quantum numbers : (l =0,m= -4). 
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C3) The opposite table shows the quantum 


numbers of two different electrons in | Electron (X) | 4|3 


| 

the same atom. Which of them has ИЕ 4 | | 
4 К | Electron (Y ) | 6 | 0 | 
higher energy ? Explain. 


@ The following figure represents a section in the periodic table : 


| Г 
HEE 
пай 


(1) Calculate the difference between the number of the elements of s-block and 


FT. 
J 
| 
| 
| 
T 
| 


the number of the elements of p-block. 


(2) What is the missing block in this table ? 


— ELS 


6 Which of the following graphical figures represents the graduation of the basic 
property of the oxides of the elements of the third period in the periodic table ? 


Basic Basic 
property property 
Element Element 
Mg Al Si p omide Na Mg Al Si P Oxide 


Figure (1) Figure (2) 
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in its ground state ? 


by electrons in the gaseous state of the atom of vanadium element „з 


і @ What is the number of each of the completely filled orbitals and the pa:*/2i!y occupied 


У 


@ Complete the four quantum numbers of the last electron in the element (Y), 


knowing that it follows the element (X) in the same period in the periodic table : 


Quantum numbers (n) (0) m) m) 
The element (X) 3 2 | +2 -1 
The element (Y) | . | -... | ee Mice | 


A 


Scanned with CamScanner 


Exam model: Open Book 
Lg 


Choose the correct answer for the question €» 


(D What is the number of the inner transition elements in both fourth and fifth periods 
in the periodic table ? 


| @ Zero (5) 14 (0 24 @ 28 


(2) If aufbau principle is disregarded in distributing the electrons of the elements. 
Са would be located in .............. 
@ s-block. (Б) p-block. © d-block. @ f-block. 


Ө What is the atomic number of the element in which the orbitals of 4p sublevel 
contain the highest possible number of single electrons ? 


@) 23 © 26 
(933 @ 35 
o Which of the following elements has the highest ionization potential ? 
(3) Ne (5 He 
© Be (à) Te 


9 In Rutherford's experiment, upon shooting a beam of .............. 
beta particles on gold foil, it is absorbed. 
(Б) gamma rays on gold foil, electrons are liberated from its surface. 
© helium atoms on gold foil, most of them are scattered. 


@ helium nuclei on gold foil, some of them are scattered. 


(6] Understanding the movement of the electrons in the atom is based on 


all the following, except .............. 

Rutherford's experiment which proved the presence of the nucleus. 
(Б) Thomson's atomic model. 

© Bohr’s model of atom which is based on hydrogen atom. 

(0) Schródinger's equation which introduced the concept of the orbital. 
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@ The weakest halogen acid is ........... 

(3) HBr (9 HI (©) HF (à Rc 
Ө What is the number of the orbitals which can be occupied by electrons іл the atoms 
of the elements located in the sixth period in the periodic table, where the electron 
has the quantum number m= +3)? 
@1 (93 (95 (07 
© One of the students presumed wrongly that the two electrons (X) and (Y) which are 
in the same atom have the following quantum numbers : 
1 


e Electron (X):n=4 , l=0 Я пу=0 Qm 


e Electron (Y) :n=4 , [20 , пу=0, m =+} 

What is the rule or the principle which explains this mistake ? 

(3) Pauli's exclusion principle. (5) Aufbau principle. 

© Hund's rule. @ Uncertainty principle. 


© Which of the following equations represents the electron affinity of 


bromine ? 
ARA - _ 
@ Brg, — Brgy e O Brig +e — Bri) 
Ў : M 
© Br, +E — 281 O B, e — Pr 


© Which of the following loses electrons in the redox (oxidation-reduction) reactions ? 
The substance which undergoes oxidation. 

(5) The cathode. 

© The oxidizing agent. 

@ The atom or the ion whose oxidation number decreases. 

© Which of the following is a correct application of one of the postulates of 

Dalton's theory ? 

(2) The atoms of a sample of iron are not necessarily similar. 


(5) Hydrogen substance is formed of very minute particles called ions. 


©) Water is formed from hydrogen and oxygen elements in a constant weight ratio. 
@ Carbon and hydrogen elements combine in different weight ratios to form many 


compounds. 
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@ On the absence of magnetic field or electric field which affects the tube of the cathode 


rays, the rays .... 


(3) are not formed. © move in straight lines. 


© become positively charged. © do not glow. 


(14) Which of the following contains the same number of electrons of nitride ion ? 


@ Nat @N, 
©cr @ Аг 
© When an electron transfers from higher energy level to a lower energy level, 
it produces ............... 
@ an absorption spectrum. (b) an emission spectrum. 
(©) a- particles. @ gamma rays. 


(16] Which of the following elements has chemical properties similar to those of 
magnesium element „Mg ? 

(3) Sulphur 65 (Б) Calcium 20Са 

© Iron „Ее (3) Chlorine |,С1 


(9 Which of the following represents the possible quantum numbers of the last electron in 


„жү 


nickel atom „¿Ni ? 
23 Де EX zl 
@n=3,l=2,m,= 1,m,=-z 


= = P sel 
@n=3,(=2,m,=0,m, 7 


- = = =-1 
@©n=3,(=2,m,=+1,m, 2 


1 


| @п=3,/=2,у=+1 Qm = +5 


What is the number of the orbitals of (f) sublevel in the principal level (n = 3) ? 


(3) Zero (3 
(Q5 @7 
(19) Which of the following has the smallest radius ? 
GF @® Ne 
© Na* @ clr 
(VRE рә от (Ce) OWS. LS. „Али 225 
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e What is the name of CIO; ion ? 


(3) Chlorite ion. (&) Hypochlorite ion. 

© Perchlorite ion. @ Perchlorate ion. 
@ The oxidation number of manganese is +3 in ............ 

(9 KMrO, ®© Ва(МпО,), 

© Мп,0; @ MnO 


@ Which of the following represents the quantum numbers of the farthe-. · гсігоп 
from the nucleus in scandium atom , Se ? Explain. 

The first set : (n=3 ,(=2,m,=-2 m). 

The second set : (n2 4 ,/ - 0 ‚шщ =0 m2-D. 


© The following figure represents a section in the periodic table : 


кч 1 


| 

| 

үр 
||| LÀ 

| || 


(1) What is the difference between the number of representative elements 


and the number of the main transition elements ? 


(2) Shade the location of the element which lies in the fourth period, group (3A). 
2 ааз 
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© The following table represents a section in the periodic table : 


— —— — — Exam Model n 


Ў PII] 


(1) Its ion carries two positive charges. 


| (2) Its electron configuration ends with : 457 E 


What is the hypothetical symbol of the element which is characterized by that : 


| with HCI 


number of chlorine is the highest ? 


© The compound CIO, is formed in industry from the reaction of NaClO; 


Which of the former three compounds is the compound in which the oxidation 


e Write the balanced symbolic equati 


with sulphuric acid. 


ion which represents the reaction of aluminum oxide 


27) 
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ionization ыз. of some elements. A 


> 
Which of them represents „Li ? р 
@ el К > 
—ÀÀ 
x TT lement 
©yY 
(OYA 


Ө Element Q is located in the group (6А) in the periodic table, its nucleus contains 
| x number of neutrons and y number of protons. 
Which of the following choices represents the ion of this element ? 


©) x+ - © >07 © x yg © к02- 
© The oxidation number of carbon equal zero in .............. 

(CH, © CH,Br © CuBr, @ CHBr, 
© Which of the following is an electron configuration of a stable atom ? 

@ [Ne] , 35? , 3p? , 45! © Is? 25? apt, 42 

© [Ne] , 35? , 3р, 4s! @ 1s! , 2s! 


Ө Which of Dalton's postulates is still valid up till now ? 
(3) Atoms are minute particles. 
© Atom is indivisible. 
©) Atoms of the same element have the same mass. 
@ АШ the atoms of the same element are different in mass from the atoms of the other 


elements. 


Ө Which of these ions its electronic configuration is not similar to that of 
| anoble gas? 


© Cr (5 Rb* (3) Sn% @ Mg” 


A 
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(7) Which of the following are the oxidation numbers of nitrogen and chlorine 
] (respectively) in NOCIO, Ж 
@ 42 and -7 ®© -3 and +5 © +2 and +7 @ +3 and +7 


@ Which of the following represents the correct graduation in the properties of 
the oxides of the elements of the third period ? 


[Choices | №а,0 | MgO | ALO, SiO, P,0, | 50, |CLO, 
Ө! m Basic | Amphotetie Amphoteric | Amphoteric | Acidic | Acidic 
(b) Basic Basic | Amphoteric Acidic Acidic Acidic | Acidic 
© Basic | Basic Basic Amphoteric Acidic Acidic | Acidic 

| @ | Basic Basic | Amphoteric Amphoterie | Acidic Acidic | Acidic 


(9] What are the quantum numbers (n), (/) of the orbitals which are occupied 
successively by electrons in all lanthanides ? 

Qn-4,/-3 @ne=3,te4 

@n=4,l=1 @n=5,l=2 


© Each of the following matches Pauli's exclusion principle, except ............... 
oW ML] of] wT] 
om | | eJ mium i 


@ Which of the following oxygenated acids is stronger ? 


HCIO, © HNO, © HIO, @ HBrO 
@ Which of the following choices shows the charge and the location of the electron in 
the atom ? 
Choices | Charge Present inside the nucleus | 

Negative No 
(©) Negative Yes 
© Positive No 
© Positive Yes 


229 
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@ The line spectrum of sodium contains one coloured line, while the line spectrum of 


hydrogen contains 4 coloured lines. 

What does this statement indicate ? 

(3) Hydrogen molecule is formed of four atoms. 

© As the power of the spectroscope increases, the number of lines which 
can be seen increases. 

© There are four excited electrons in hydrogen atom. 


@ The line spectrum of sodium differs from the line spectrum of the other : :: ents. 
© According to the modern atomic theory, ............... 
(3) the electron can not be found in the same place two successive times. 
© the electrons need to absorb energy photons continuously to move to 
higher levels. 
© the charge of the electron = 1.602 x 10719 С 
(à) it is impossible to determine the position and the velocity of the electron precisely at 
the same time. 
(© Which of the following sets of quantum numbers is not possible ? 
@п=2,'=0,т,=+1 @п=2,1=1,ту=+1 
©n=2,(=0,m,=0 @n=2,l=1,m,=-1 
@ Which of the following represents the electronic configuration of 
manganese (III) ion? (Mn atomic number = 25) 
(3) 152,252, 2p® , 3s? , 3p® , 3a? 
® Is? , 2s , 2p® , 357, 3p®, 38 , 4s? 
© 1s? , 28? , 2p® , 35 , 3p°, 3d? , 4s? 
@ Is? , 2s? , 2p° , 3s”, 3p? 3d? , 48” 
© Which of the following is correct ? 
(2) The elements in the same group have the same number of electrons in the energy 
levels. 
© The elements in the periodic table are ordered according to increasing the number 
of their protons. 
© The metals are on the right and the nonmetals are on the left of the periodic table. 


(d) Active elements are located at the bottom of every group in the periodic table. 


230 
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(23) The atoms of the elements in the periodic table -except hydrogen- | 
contain protons, neutrons and electrons : x | [- 
What is the effect of passing an electron current 
between the two electrodes of an electric field as shown ied = 
in the opposite figure ? Explain. Ele: ‘ron current 


3d sublevel in each of them half filled with 5 unpaired electrons ? 
Explain your answer. 


(25) Study the scheme, then answer : 
: 


(1) Write the chemical formula of the two compounds (X) and (Y). 
(2) Write the symbolic equation which represents the reaction of (X) with (Y) 
to form the salt (Z). 
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i pu 
@ The opposite table shows the four Quantum numbers | (п) | tb | mp | om! 
quantum numbers of the last electron [т Element (X) 1 1 0 + l | 

in the atom of each of the element (X) 1 | 
Element (Y 6/1 0 |+-у| 

and the element (Y). J 


Which of the two elements when 

its pure vapours are exposed to 

low pressure in a discharge tube, its last 
electron becomes excited, and acquires 


the same quantum numbers of 


the other element ? Explain. 


The ite table illustrates the radii 
€) the opposi | ct | ка | nat | сї 


СУ 0.99 Å | 1.57 Å |095À | L81À 


of some atoms and ions. 
Calculate the bond length in each of : 


(1) Hydrogen chloride molecule. 


Oi p SYA) W. kas- padi |233 
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Choose the correct answer for the questions [1] $ e 


(© The term electron was not known at the time of formulating... 
@ Rutherford’s atomic model. (©) Bohr’s atomic model. 
© Thomson’s atomic model. @ Bohr’s modified atomic т\с. 


Ө If the principal quantum number of the last electron in the atom of 

a noble gas is (n = 3). 

What is the number of the orbitals which are completely filled with electrons in this 
atom ? 


@3 (55 97 @9 
Ө What is the number of the unpaired (single) electrons in the atom of 

phosphorus ,.P ? 

G1 (52 ©з @4 


(4] Bromine is similar to chlorine in all the following, except that................ 
(&) they are located in the same block in the periodic table. 

(5) they have the same oxidation numbers. 

© they are located in the same group. 

© they are located in the same period. 


© What is (are) the type(s) of the two elements whose ions form iron (II) sulphide ? 
(8) Main transition metal and representative nonmetal. 

(&) Representative metal and representative nonmetal. 

© Inner transition metal and metalloid. 

@ Both are representative metals. 

(6) What is the correct descending order of the electron affinities of carbon, 

oxygen , fluorine and chlorine ? 

(CI»F»0»C @ О>С>Е>С1 

@)Е>С>О>С! @C>0>Cl>F 


(7) Which of the following pairs of atomic numbers belongs to two elements which are 
] located in the same block and the same period in the modern periodic table ? 


@41,74 (5 8,36 © 64,68 @ 12,72 


Scanned with CamScanner 


‚базы ———— — ERI Model Е 


Which of the following electronic configurations belongs to an atom of an element 

which the difference between its third and second lonizatiban пре 5а is very high ? 
Qs, 25? ‚2р6 ‚35! ( 7) Is? 2s? .2 
© Is? ‚25? , 2p® , 3s? , 3p? Ул „25 T 


‚35° ‚3р! 


© When МпО; is converted to Ми?*, this is described as ...... 

© a reduction process, because the oxidation number of Mn increases. 

(&) an oxidation process, because the oxidation number of Mn increases. 
© a reduction process, because the oxidation number of Mn decreases. 

@ an oxidation process, because the oxidation number of Mn decreases. 


@ Which of the following oxides is the most basic oxide ? 

( AO, (Ko © со, @ MgO 

@ When (n = 6), then the correct sequence of filling the sublevels with electrons is .............- 
@ ns — (n - 2)f —— (n - 1)d — np 

® ns — (n — 1)d —— (n - 2)f — пр 

© ns — (n - 2)f —— пр — (n – 1)d 

@ ns — np — (n – 1)d —+ (n - 2)f 

(12) Which of the following can not be explained by Dalton's model of the atom ? 

@ The law of constant proportion. 

(6) The difference between the element and the compound. 

© The difference between the isotopes of the same element. 

@ The difference in the atomic masses of the elements. 

(13) When the last electron in sodium atom is excited to the energy level (п = 5), it ............... 

remains in the energy level (n = 5). 

Ө) returns to ће energy level (п = 3) in one jump. 

© returns to the energy level (n = 4) then to (n = 2). 

@ returns to the energy level (n = 2). 


(14] Each of the following sets of quantum numbers is possible, except ............. 


| Choices (n) Фф (ту) (mj) 
© 3 1 -1 0 
e | * | 3 + “F 

BEC 4 3 | +2 -4 

| @ 5 3 +2 + i 
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@ Is? ‚247 , 2p) , 35? @® Is? , 2s? , 2pf , 3s! 
© 1s? , 2s? , 2р6 @ Is? ‚257 , 25? , 3s! 


Which of the following describes one of these elements ? 


Element A ends with the electronic configuration : ns? , np? 
(5) Element B has more than one oxidation number. 
© Element C is a metalloid. 


@ Element D is an inner transition element. 


@ Each of the following describes the element „М, except that .. 
@ itis an electronegative nonmetal. 
© it forms M* which contains 4 unpaired electrons. 


© its oxidation numbers range between —1 to +7 


@ it forms acidic oxides such as : M,O, and M,O, 


(is) What is the atomic number of the element which is located in the sixth period 
in the periodic table and it is an alkali earth metal ? 
@ 56 (5) 55 
(087 (@ 88 
(19] The opposite table shows the types of the oxides of 


four elements which belong to the same group. 


Type of 


Element A è 
its oxide 


What is the letter which refers to the element with P Acidic 
the lowest electronegativity ? Q Amphoteric 
R ®a R Amphoteric 
(9P (Qs 5 
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@ Among the oxygenated acids are: | нн.) ima, | HBrO, 
Which of the following expresses one of these acids ? 

(3) HBO is the weakest acid among these three acids. 

(Б) Oxidation number of bromine in НВгО, equals (-1). 

© HBrO, is the strongest acid among these three acids. 

@ The ratio (п: m) in HBrO equals (1 : 1). 


@ In the reaction : Sb,O, + 6H* + 6e” ——> 2Sb + 3H,0 
What is the change in the oxidation number of Sb ? 
(b) It decreases by 3 


@ It decreases by 6 


@ It increases by 3 
© It increases by 6 


lonization potential (kJ/mol) 
First |Second| Third | Fourth Fifth 
| +5779 +1820 | +2750 | +11600 +14800 


@ The opposite table shows 
the ionization potentials (first to fifth) 


of one of the elements of the third 

period in the modern periodic table. 
Deduce the electron configuration 
of this element and calculate its atomic number. 


e The last electron in the atom of an element has the quantum numbers : 
= =-L 
(n=3,¢=1,m,=-1,m,=->) 


Determine the location of this element in the periodic table. 


@) Illustrate the electronic configuration to the nearest noble gas of a representative 


element which is located in the 4"" period, group 5A 
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(25) The following figure represents the first four periods in the modern periodic table, 


H | 

1 

Li B/C ОЕ | 
ae S 

Na|M8 Al Р |5 СІ Ar| 

1 

Ca M Fe Cu|Zn ! 


Answer the following : 
(1) What is the number of the unpaired electrons in the ion of Mg ? 


(2) Circle the two elements which combine together to form a compound ! : 
glows when an o--particle collide with it. 
State the name of this compound. 


e If you know that the bond length in ammonia molecule NH, equals 1 À, and 
in hydrogen molecule H, equals 0.6 À, while in water molecule H,O equals 0.96 А 
Calculate the bond length in NO molecule. 


A 


@ The opposite figure shows a section in the periodic table : 
(1) What do these numbers refer to ? 
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Number of electrons present in the orbitals of each of s and p sublevels is the same 


b Choose the correct answer for the questions ө Д e 


in the atom of ............... 

@ 7N (5 Na 

| © 12M8 @ 1 45i 

(2] The following are some postulates of the theories which explain 

the atomic structure : 

* Theory (A) : The electronic shells surround the nucleus which is in the center of 
the atom. 

• Theory (B) : The atom is invisible solid sphere. 

e Theory (C) : The atom contains vast space. 


What is the historical order of these three theories ? 
(b B——-C—-A 


®© A— В — С 
(d) B——-A—-C 


(9 А С +В 
© The ratio between the size of the cation to that of the anion is maximum in ............. 
(9 CsI © CsF 

© LiF @ NaF 

© All the following combinations of the quantum numbers are not allowed, 

except s 

@n=2,(=2,m,=+1 @n=2,l=-1,m,=0 


@n=4,l=3,m,=-2 


©n=3 ,l=2,m,=43 
@ Which of the following electron configurations does not verify both Hund's rule 


and the exclusion principle together ? 
E om m 
e 
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[ @ In the opposite table. 
What does (X) represent ? 


Element 


Atomic number 


Be B| C | N|O|F 
4|5|6|7|8 |9 


Which of the following represents (А) and (B) ? 


9 The opposite figure represents an atom of an element. 


|| G) Ionization potential. (x) values |1.28]1.91] 2.42) 3.14 | 3.83 445 5.10 
|| (9 Electronegativity. 
| © Effective nuclear charge. 
@ Electron affinity. 
iz]eus 


Choices (А) (В) 
(3) Orbital Orbital 
® Electron cloud Electron cloud 
© Electron cloud Orbital | 
@ Orbital Electron cloud | 


@ Cu” > Ni? > Cr* > Fe3+ 
® Cr+ > Fe” > NP* > Cu 
© Fe* > C+ > Cu* > Ni* 
@ Fe** > Cr+ > Ni** > Cu* 


© Three acids which are : HCIO , HBrO 4 HIO, 


© What is the correct order which represents the numbers of the single (unpaired) 


electrons in the ions of these transition elements ? 


Which choice represents a similarity and a difference between these acids ? 


Choices The similarity The difference 
Oxidation number of the central atom Oxidation number of O atom 
® Their strengths as oxygenated acids Their hydroxy formula 
(c) | Oxidation number of the central atom | Number of oxygen atoms nonbinded to hydrogen 
@ Oxygenated halogen acids Their strengths as oxygenated acids 
240 
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© Which of the following represents the number of the natural noble gases in 


the periodic table ? 


Choices| In the same period In group zero In p-block |In the periodic table 
© 1 i 6 0 6 | 
© 1 Е 6 6 6 | 
© 0 5 6 5 

| @ 6 6 0 5 


@ What are the two elements which have almost the same ionization potential ? 
@ Al , зба © заг, ба 

© 4,62 . g;Fr © g;Fr , ,, Al 

@ The periodic table includes the known elements arranged according to their 

Ede (1)..........,in the group (1A) the metallic property ..........(2).......... from the top to 
the bottom, and in the group (7A) the electronegativity .......... (3). from 


the bottom to the top. 
Which of the following choices represents the numbers (1), (2) and (3) in the previous 


statement ? 

Choices (1) (2) (3) 
© atomic numbers increases decreases 
Ө, atomic numbers increases increases 
© mass numbers decreases increases 
© mass numbers | increases decreases 


(5) Chlorine has an oxidation number +5 in ............... 
NaClO (5) NaClO, 
© NaCIO, © NaCIO, 


(b How many unpaired electrons does a ground state {С ion have ? 
G0 (52 
©4 @6 


(n ie) Y (Ce) OW. LS poll! 241 
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(15] Which of the following expresses an element in the periodic table ? 


(3) The element whose atomic number is 48 is located in group (IIB), fifth period. 
(8) The element whose electronic configuration is [Xe], 4/15, 54? , 65? is located 


in group (ШВ), sixth period. 
© The element whose electronic configuration is [Rn], 6d? , 7s? is located 
in group (VB), seventh period. 
@ The element whose atomic number is 56 is located in group (IIIA), sixth period. 


(16) An ion which contains 18 electrons and its charge is +2 ,............... 
@ its nucleus contains 18 protons. 
© has the symbol Ar* 
© has 18 neutrons. 
@ has the same electronic configuration of argon. 


(17] The fourth period in the modern periodic table contains ............... 
(3) 10 metals. 
(5) 32 elements. 
© one of the metalloids. 
@ number of transition elements greater than the total number of the elements 


of s and p-blocks. 


(18) The opposite table shows 


the quantum numbers of the last | Quantum numbers | (п) | (b | mp myl 
electron which has the highest energy 1| 
in the atom of an element. | Last electron Se К Бы | 72) 
What is the type of the oxide of 

this element ? 

(3) Acidic. © Basic. © Neutral. @ Amphoteric. 


(19] All the following statements are correct, except ... 
(3) the wave mechanical theory of the atom is currently the accepted atomic model. 
(5) the electron moves away from the nucleus upon being excited. 
© according to Dalton’s atomic model, the elements can combine chemically to form the 
compounds. 
@ Rutherford’s experiment is the first to discover the presence of the negatively charged 
electrons in the atom. 


N 


42 


8 
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The element whose electron configuration : [Xe], 4f” , 65? belongs to ........... 
@ the third main transition series. (Б) lanthanides. 
© the second main transition series. @ actinides. 


@ Which of the following quantum numbers represent one of the electrons of 
the partially occupied orbitals in the atom of vanadium ,,V ? 


Choices n і m, m, 
© 3 І 0 -i 
© | 3 2 0 + + 
© 4 1 0 + + 
@ 5 2 +1 -4 
3 
@ The opposite table represents the values ‘Element | Electron affinity 
of the electron affinities of the halogens. ‘Fluorine | —328kJ/mol | 
Fill in the spaces with two suitable values Chlorine | — 348.6 kJ/mol 
of the following three values : Bromine 
(-3245].( -400 ).( -295 ] lodine 
fe Р 
(23) Deduce the relation which is illustrated 
by the opposite diagram. 


Р 
9 The opposite figure represents one of 
| the postulates of a theory you have studied : Q 


| (1) What is this theory ? 
| o0 


(2) State the postulate illustrated in the figure. 
Two chlorine atoms Lead (II) chloride 


243 
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© Rubidium Rb is one of the alkali metals. 
Write the symbolic balanced equation which represents the reaction of 


rubidium oxide with water. 


(26) An element contains опе electron іп the last sublevel, 


if the quantum numbers of that electron аге: (n2 3 ,/ 2 1, m, =-1,т,= +4) 


(1) Calculate the atomic number of the element. 


@ If you know that : 
e (О — H) bond length in water molecule equals 0.96 A 
» Bond length in oxygen molecule equals 1.32 А 
Calculate the bond length in hydrogen molecule. 


5 
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г» Choose the correct answer for the questions @ @ 


| 
id What is the block of the element whose electronic configuration is 

| (Kr) 4a", 4f4, 5:7, 5p°, 6? ? 

| @s-block. (6) p-block. © d-block. @ f-block. 


Ө The opposite table shows the first three ionization 


| Е, E; E, | 
| TeV | 125eV зу] 


potentials Е, , E, and E, of an element. 
What is the most stable oxidation state 


of this element ? 
@ +1 (® +2 (©) +3 @ +4 

Ө Which of the following valence electrons are affected by the highest effective 
nuclear charge ? 

| Qe ( 4p! ©з! Q) 2p 

io Four elements P , Q , R and S are located in p-block in the third period in the periodic 
table, they are ordered according to electronegativity as follows : S > К> Q >P 
Which of the following compounds liberates H* ion easier ? 


(32P-0-H (85-0-H (90-0-H @R-O-H 
9 Iron (II) chloride reacts with chlorine as follows : 
2FeCl, + Cl, ——> 2ЕеС1, 


Which of the following statements is correct ? 

© Fe” ions are reduced to Fe?* ions and chlorine acts as oxidizing agent. 
(8) Fe?* ions lose electrons and chlorine acts as reducing agent. 

© Fe” ions lose electrons and CL molecules are reduced to СЇ ions. 


© с, molecules are reduced to СІ ions and chlorine acts as reducing agent. 


Ө What is the symbol of the element which is located іп group (3A), fifth period 
in the periodic table ? 
© jg Al ® „т © @ goln 
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(7] An electron with the quantum numbers : ; 
(п=4 {= 1 ‚ш=-1 m 245) 


What is the sublevel of this electron ? 

@4s © 4p Otd @4/ 

© What are the two elements which are located in the same period in the periodic table ? 
(3) Mg , Sb (Б) Ca ,Zn 

(©) Na , Ca (8) Ca,Cl 

р What is the proper graduation in electronegativity in these four shown elements ? 
(C«N«Si«P (0) 51<Р<С<М№ 

©N<C<P<Si @C<Si<N<P 


@ The opposite table shows the first 


SONA А First ionization | Second ionization 
and second ionization potentials Element 


potential potential 
of four elements : P , Q , К and S. $ 2372 kJ/mol 5251 kJ/mol 
What is the most active metal in R 520 kJ/mol 7300 kJ/mol 
this group of elements ? Q 900 kJ/mol 1760 kJ/mol 
5 @P P 1680 kJ/mol 3380 kJ/mol 
OR @Q 


@ What is the number of elements in the fourth period in the periodic table, in which 
the orbitals of 3d sublevel are occupied by one electron or more ? 


@ 16 ®10 ©9 (0 
@ Which of the following electronic transitions in hydrogen atom is accompanied 
by maximum release of energy ? 

(€) (n 2 2) — (n = 1). ® (n 23) —7 (n 2 2). 

© (24) —- (n - 3). (n2 2) —- (n2 4). 


(13) The maximum value of (m) for an electron in the fourth energy level is ............... 
(2) 43 © 44 (©) +5 @ +9 

@) Nitrogen has atomic number 7 and oxygen has atomic number 8 
What is total number of electrons in (МО; ion ? 


(а) 15е7 (Б) 31е" 
© 32e (d) 46e 
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(15) The electron configuration 152 , 252, 2р5 , 35! shows............... 
© the ground state of fluorine. 

@ an excited state of fluorine. 

© an excited state of neon. 


@ the ground state of O?- ion. 


@ Bohr's model could explain successfully the spectrum of ............... 

@ the multi-electron atoms. 

© helium. 

© any atom or ion containing only one electron. 

@ hydrogen molecule. 

@ According to Hund’s rule and Pauli’s exclusion principle, the two last electrons 
which have the highest energy іп the atom of „Fe element are different in 


the two quantum numbers ............... 


@l m (n, m, 
о! ‚т, @ mom, 
© The opposite figure represents a section in the 
| periodic table. In which of the illustrated areas A с? 
a diatomic molecule element which does not В 
| conduct electricity is found ? 
| GA (B 
©c @D 
® Cathode rays are deflected away from the negatively charged metal plate, 
because they are .............. 
@ non-material particles. © negatively charged. 
© emitted from all materials. @ positively charged. 
@ Which of the following is the electron configuration of iron cation in Fe(OH), ? 
(3) [Ar] , 4? , 349 (knowing that the atomic number of iron = 26) 


© [Ar] , 4s? , 3a? 
© [Ar] , 4s? , 346 
(d) [Ar] , 4s? , 348 
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@) Which transformation is an oxidation ? 


€ 2- 
® Ст05 — CrO% 
@ NO; —- NO, 


(22) The opposite table shows the values of ( Quantum numbers | (n) | (b | mp] mj 
| the quantum numbers of the last electron 


Element (X) 4 | 1 |0 +1 


in the atom of the element (X). 
Deduce the four quantum numbers of the last electron in the atom of element (Y) which 


follows element (X) in the same group in the periodic table. 


© Write the four quantum numbers of the electron number 11 in each of 


sodium and magnesium atoms. 


@) Figure (1) shows the falling apples and their distribution around the trunk 
of their tree in circles with different radii : 


>< 


Number of apples 
in each ring 


Distance from trunk 


Figure (1) Figure (2) 


In the light of understanding the different atomic theories. 
What does the symbol (X) in the figure (2) represent ? 
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(B The following graph represents the values of the electron affinity of the first twenty 
] elements in the periodic table : 


(kJ/mol) 


Electron affinity 


Atomic number 
Why were the symbols [He , Be ,N , Ne , Mg , Ar] neglected to be mentioned in 
this graph ? 


ө The opposite figure shows the different paths 
of alpha particles, when a beam of them hits 
Р Alpha particle 
a foil of gold : 


——— ——À A 
(1) Which of the shown letters represents the path = е в 


of one in every 20000 alpha particles ? 


Gold foil 


тисе) ТСС) АА. 0. uu 1249 
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[ (27) Here are five different oxides of different elements : 
) 


( N«O J.( мео J.( Ato; se ). со ) 


Which of these oxides : 
(1) Includes the element bound to oxygen which has the highest oxidation number ? 


Calculate this oxidation number. 


(2) Dissolves in water forming a monoprotic acid, 


write the balanced symbolic equation which represents this. 


50 
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| Answered 


Choose the correct answer for the questions @ : e 


0 Which of the following electronic configurations represents the element that is 


the most electropositive ? 
@ [He], 2s! @ [Ne], 352 
© [Xe], 6s! @ [Xe], 6s? 


(2] Each of the following figures shows the path of the cathode rays emitted from 


the surface of the cathode plate, except . 
Cathode Cathode 
plate plate 
@ ® © @ 


(3) The element with the least atomic number that has the stable electronic 
configuration : (п-1)4® ‚ ns? is located in the ............. 

@ sixth period. (b) fifth period. 

© fourth period. @ third period. 


6 If the radius of the first orbital in H atom equals X A, so the radius of the second 
orbital in Li?* ion is ...........--- 

хА ® $x A 

©зхА G) 4X À 

G Which of the following transfers of the electron of hydrogen atom is accompanied 
by releasing the largest amount of energy ? 

@n=4—+n=2 @® n=5—+n=2 
©n=2—+n=1 @n=7—+n=2 
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$ 
@ Why are there no values for the electronegativities of the elements whose 
atomic numbers are 2 , 10 and 18 ? 

@ Because they are gaseous substances. 

(6) Because they are amphoteric. 


(С) Because they are radioactive. 


@ Because their electronic configurations are stable. 


Ө What is the number of orbitals in the level (п = 3) ? 


@3 OE 
97 @9 

@ What is the similarity between the metal atom M and its ion M?* ? 
@ The radius. (5) Number of electrons. 
© Nuclear charge. @ Ionization potential. 


© The following electronic configurations represent four different elements. 
Which of them has the highest ionization potential ? 


@ [Ne], 32, 3p! (Б) [Ne], 322, 3p? 
© [Ne], 352, 3p* @ [Ar], 3010, 452, 453 


© Which of the following equations represents an oxidation-reduction reaction ? 
@ CaCl, + Na,SO, —> CaSO, + 2NaCI 

®© KOH + HNO, —- KNO, + H,O 

© N, +0, —+ 2N0 

@ AgNO, + NaCI —+ NaNO, + AgCI 


Which of the following choices is incompatible with the building-up principle ? 


of] 
о ol 


(D) Which of the following represents a mixture of two of group zero elements ? 


Pe 49,7 * Ai, 
) IV 69° 299 2 
© @ 


® 
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@ Which of the following electron configurations includes two unpaired (single) 


electrons ? 

@ Is? ‚25° ( 1s , 28? , 2p? 

© 1s? 2s? , 2p* QD 1s? , 25? ‚2р? 
р 


(14] Which of the following processes represents the formation of a strong acid 

as a result of an oxidation process ? 

@H,SO, +H, ®© HCIO, — HCI 

© H80, —+H,SO, @ HCO; —> H,CO, 

(5 Which of the following elements atoms releases the highest amount of energy when 
it gains an electron in its gaseous state ? 

Gc 5o (©) 51 Gs 

(b The isotopes of the same element are similar in the atomic number and different in 
the mass number, this fact contradicts the postulates of the atomic theory of ............. 
(3) Bohr. (b) Rutherford. (С) Dalton. @ Thomson. 

@ Which of the following cases represents the transfer of an excited electron back to 


its ground energy level ? 
@ Is? ‚252 ‚2р5 —À Is? , 28? , 2p* ‚35! 


© Is? ‚242 ‚2р8 4s! — Is? , 25? , 2p° , 38! 

© [Ar] ,4s? — [Ne] , 3s? 

@2,8,7—+ [Ne] , 3s? , 3p? 

® The history of proving the presence of a nucleus inside the atom of the element 
goes back to after............... 


@ Bohr. (Б) Thomson. © Rutherford. @ Heisenberg. 


ү, 
© Which of the following supports the dual nature of the electrons ? 
(3) The emission spectrum of hydrogen atom. 

© The deflection of some particles on collision with gold foil. 


© The penetration of some particles on collision with gold foil. 


(d) The properties of the cathode rays. 
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@ Which of the following choices represents an impossible combination oí 


quantum numbers ? 


| 
| 
| 


Choices (n) b m) [* ms | 
| © 3 2 +2 EE 
|. | - 
® | 3 1 -1 +5 
©) | 4 3 +2 +1 
@ | 5 2 43 -4 


@ Each of the following matches Pauli's principle, except ............. 


ef] 
olf 


em t 
| e uu 


e What is the difference between the oxidation numbers of potassium 


in potassium permanganate compound and in potassium dichromate compound ? Explain. 


e What is the maximum number of electrons can be found in an atom and have 


the following quantum numbers : 


(n1, -0,mz0) 


Scanned with CamScanner 


Exam Model 


© Do the values in the following table agree with the graduation of the property of 
ionization potential in the periodic table ? Explain. 


The element | First ionization potentia! 


Phosphorus 15Р | +1012 kJ/mol 


Sulphur 16° | +1000 kJ/mol 


M. 


7. : Е" 
© The following figure represents a section in the periodic table. 


| 
| R 
| 
| 


| 
mu 
LET JU 
EN 


| 


Write the letter that indicates the element which conducts the electricity better than 


silicon, and mention its block in the periodic table. 
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@ The following diagram illustrates the reaction of an alkali with an aci: de to 


form a salt that dissolves in water : 


2{ KOH | + [ (0 == ee i2): | | эке, (2 


Alkali Acidic oxide Water Sait 


(1) Complete the previous diagram with chemical formulas that fulfill a correct balanced 


symbolic chemical equation. 


Él uacua (2 m (— — 
ҮЧ cce dise 


(2) Deduce the values of (n) and (m) of the oxygenated acid which is produced from 
dissolving the acidic oxide — in the chemical equation — in water. 


@ The following table illustrates the values of the covalent atomic radii of 
the molecules of some elements : 


| The molecule | H-H |- (= „з= оиы. Les E Е (ду | 
| The covalent atomic radius | 03À| 099À | 133À | 114А 0.64 À | 


(1) Complete the blanks in the table with the suitable molecules of the first four elements 
in the halogens group. 
(1): (2): 
(3): ... (4):... 
(2) Calculate the bond length in hydrogen chloride molecule. 
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T The visible spectrum of hydrogen atom shows .............. 
1 @ the presence of sublevels in each principal level. 
@ the presence of definite energy levels. 
© the possibility of the emission of a quantum from the orbital of /s 


| @ the presence of different isotopes of hydrogen atom. 


i6 The electronic configuration of the element (X) ends with the sublevels : 
NS ‚(п-1)р® , (n-1) ‚п? 

| If(n=4), then the atomic number of (X) = .............. 

| Qus @ 25 

| (30 @ 35 
(3) The element (X) is located in the third period, group (5A) and the element (Y) is 
| in the fifth period, group (15). 

| What is the atomic number of the element which is located in between them ? 

| @31 032 

| ©33 @ 34 


0 In which two compounds of the following the underlined element has the same 
| oxidation number ? 


| OGSO, c0; © мо, , CuCl, 

| © MnCl, „MnO, @ 50; ,H,50, 

i9 All the following are among the conclusions of Rutherford's experiment, 
except that ............... 
(©) the atom contains vast space. 
(©) the nucleus is so much smaller in size than the atom. 

| ©) most of the atomic mass is concentrated in the nucleus. 

] © the electrons revolve around the atom in definite orbitals. 

0 The maximum number of electrons required to saturate a sublevel can be estimated 

| from the relation ............... 

| @al+2 2l «1 
© 2? @al-2 
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@ According to the wave mechanical theory, 29“ "m 
Nuclet 2 m 
the letter (D) in the opposite figure м УС = 07 


represents .............. 

@ a fixed position of the electron. 
@ the farthest position from nucleus that an electron can reach. 
© a probable position of an electron. 

@ an impossible position for an electron. 


Energy levels 


(5] Among the properties of the nonmetals is that they ............. 
| @ are reducing agents. 

(6) form oxides which react with acids. 

© gain electrons forming cations. 

| @ are electronegative elements. 
© What is the property which is 
represented by the vertical axis 

of the opposite graph of the first 
20 elements in the periodic table ? 


Atomic radius. 

© Electron affinity. 2 M 16 18 20 
T. е Atomic number 

© Ionization potential. 

@ Electronegativity. 


(D The number of the electrons of the sublevel d in ё" ion equals ............... 
(3) the number of the electrons of ће sublevel p in „№ atom. 

(&) the number of the elements of the second period in the periodic table. 

© the number of the sublevels in „,Со°* ion. 

@ the number of the electrons of the sublevel p in ,O ion. 


© Which of the following choices represents the correct ascending graduation in 
the atomic radius property ? 


Choices Smaller radius —> Larger radius 
© са?+ Kt Ar 
®© cat Ar E 
© Ar Kt | Ca? 
© к? cat | Аг 
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@ Which of the following quantum numbers combinations belongs to an electron 
that is located in one of 4p orbitals ? 


Q)n24, l2 1,mj20.m, =+} 


()n24l-1,mj243,m, 2-3 


Qn24,(-2.m,-0,m =+} 


@n=4,l=4,m,=+3 ,m=-+ 


(13) What are the two elements in which electronegativity of the second element 


is higher than the electronegativity of the first element ? 


[Choices First element Second element | 
© F Fe 
Ө) Вг cl 
EN Li K | 
© s j | 
@ Number of electrons equals number of neutrons in ............... 
o'p ©" 
Корш Ol 
(5] Which of these choices represents the electron configuration of boron element ? 
| |Chokes| Is 2s 2p, 2p, 2р, 
| © | 4 [ t 
|o] f 4 | 4 ! 
[© ү! ! 
е | H ! 


(16) Each of the following reactions is an oxidation-reduction reaction, except .............. 
@Cu+ Br, —+ CuBr, 

@CO+H,O—-+ CO, +H, 

© CH, +20, —> CO, + 2H,0 


@ RbOH + HCI —+ RbCI + H,O 
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| Each of the following oxides reacts with sodium hydroxide solution to form a salt, 


(8) 510, 
© The photon which is emitted from the electron of hydrogen atom when її transfers 


from 4d to 2s is іп the form ої............... 


(3) infrared ray. 


© ultraviolet ray. 
© visible ray. 
@ X-ray. 
(D which of the following is correct for the properties of the cathode rays ? 


ae They heat a thin metal sheet that stands in their way as they move in straight lines. 
© They move a light ball of foam as they move in straight lines. 
© They affected by the electrical field as they are material particles. 
@ They heat a thin metal sheet that stands in their way as they have thermal effect. 
Protactinium is опе of the actinides and its electronic configuration is ............... 
@ [Хе], 6s? , 5a? , 4f° 
© [Хе], 6s? , 5d? 4f" 
© Ral, 7s? , 6d! , 5f? 

@ [Rn]. 7s? ‚64* ‚5/14 
@ What is the maximum number of electrons which have the spin quantum number 
(ш, = +h in the sublevel (/ = 3) ? 
@3 
©5 
©6 


[S 
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(9 The opposite table shows the first С tonization potential (kJ/mol) 
five ionization potentials of First Second | Third | Fourth | ні | 
lement (X). | | кз, 
the element (X) +738 | +1450 | +7733 +10543 | +13630 


Deduce the formula of the chloride of 


the element (X). 


© The reaction of acid with sodium carbonate salt is indicated by the evolution of CO, gas 


bubbles, so if two equal volumes of H,SO, and HClO, acids with similar concentrations 


are added to two similar masses of sodium carbonate. 
Deduce the name of the acid which forms the higher number of bubbles in 


the beginning of the reaction, with proving your answer with a scientific proof in 


the light of what you have studied. 


9 Calculate the difference in the number of the representative elements 
between the first period and the second period in the modern periodic table. 
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© The following table illustrates some informations about the elements ^ yY): 


= + 


Г Element (X) Elemen: 
Ir 
Quantum numbers of 
the last electronin | (n=1 „l=0,m=0 „m =+4) (n22,l- lm amus) 
the element atom 
Bond length in o T | 
the element molecule i 


Electronic configuration (1) 
oftheelement | 7777777 


E). 


(1) Complete the previous table with the electronic configurations of the elements (X) and (Y). 


(2) Predict the bond length of the molecule of the element which precedes the element 
(Y) in the periodic table. 


in the principal level L 
Write the quantum numbers of the two electrons. 


| Two electrons in one element atom are located in the first orbital in the same p sublevel 


9 The opposite figure represents one of 
the postulates of an atomic theory that 
you have studied : 

(1) What is this theory ? 


(2) What is the postulate which is represented in this figure ? 
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" Choose the correct answer for the (uve Gens ab j @) 
| 
n What is the number of the natural noble gases in which 15 orbital is filled with 


electrons ? 
(21 (53 (С) 5 @ 6 


| Э What is the reducing agent in the redox reaction which is represented by 


Я i * - 2* 3+ 
the following equation DH, at 21035. pt 10Ее д) — I0Fet *b* 69,0 7 


@1, @н* © Fe” OLO 
Э A student represented the electron configuration of oxygen atom in its ground state 


as follows : 1s? ,2s? , mnm 
2p 


This representation violates ............... 
(2) Hund's rule only. 

(5) Aufbau principle only. 

© Pauli’s exclusion principle only. 

@ Hund’s rule and Pauli’s principle. 


| ) All the following sets of quantum numbers are possible, except ............... 


@n=4,l=3,m,=-2.m,=-4 


^. 


2 
On-5,(-3, m2 32,m, -- 2 
1 
2 
1 


©п=3,'=2,ш,=-1 ‚т. =+ 


@Шп=1,(=1 ‚т,=+1 Meaty 

) A sample of a compound formed by the combination of 2.69 g of hydrogen with 
47.31 g of sulphur. 
What is the mass of hydrogen in a sample of the same compound in which the mass 
of sulphur equals 75.63 g ? 
()269g © 1.68 g 
943g @ 20348 
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The two ions zW” and P di are similar in all the following, except .... 


@ the number of protons which exist in the nucleus of the atom. 
© the number of electrons of the last principal level. 
© the number of the sublevels which are occupied by electrons. 


@ the number of the unpaired electrons in the last sublevel. 


The relation between the electron affinity of sulphur and that of oxygen resembles 
the relation between the electron affinity of chlorine and that of fluorine. 

Which of these choices represents the correct descending graduation in electron 
affinity in nitrogen, oxygen and sulphur ? 

@S>O>N 

®O>S>N 

©N>O>S 

@S>N>0 


Neutral oxides react neither with acids nor with bases. 
Which of the following substances are neutral oxides ? 

NO, ,Na,O 

(5) CO , NO 

(© $20 , KO 

(8) CO, . NO; 

The element whose atomic number is 57 belongs to ............... 


s-block. (b) p-block. 
(©) d-block. (d) f-block. 


i hows th 
The opposite table shows the quantum [ Electron à Гар am [a | e» 


numbers (n), (L) of 5 electrons in one atom. 
| w |з3|]5]4|]4|4 


What is the correct ascending order of 


| © 21е [112 lo 


the energies of these electrons ? 
®©I<V<M<IV<I 
(DI«V «III «II«IV 
(SV «I«III «II «IV 
(à) V «I«II «III « IV 
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In the reaction : 


Which is being oxidized and which is reduced in this reaction ? 


OF, + S0, —- 50, +F, 


Choices Fluorine Oxygen in OF, Sulphur 
© Oxidized Oxidized Reduced 
© Oxidized Reduced Oxidized | 
| 1 
© Reduced Oxidized Reduced | 
@ Reduced Reduced Oxidized | 


@ Which of the following graphical figures represents the relation between 


electronegativity of (sodium, magnesium, aluminum and silicon) and their 


atomic radii ? 


2 Si 2 Na Ё si 2 
> LI * Ы z е = 
Al 8 Mg & A 3 | A 
E| * Me 2| xt a) '* Ms 2| ° Mg 
E " N Е si 8 "ON 815 Ni 
F Na HE 8 Na AE Na 
ш > а [5] —> a > 
Atomic radius Atomic radius Atomic radius Atomic radius 


The concept of the atom as the smallest unit of matter was adopted by ... 


@ Democritus and Aristotle. 
© Democritus and Thomson. 


(5) Boyle and Aristotle. 
@ Bohr and Berzelius. 


The line spectrum differs from an element to another due to................ 


the difference in the number of neutrons in each of them. 


(© the difference in the mass number of each of them. 


(© the difference in the electronic configuration of each of them. 


(8) the difference in the number of valence electrons in each of them. 


All the following match Bohr's atomic model, except 


@ the line spectrum of hydrogen atom. 


© Planck's theory. 


The oxide ion 1602- contains ............ 


(3) 8 protons , 10 electrons. 


© 8 protons , 9 electrons. 


© Pauli 


% principle. 


@ Heisenberg’s principle. 


(5) 10 protons , 8 electrons. 


@ 10 pr 


otons , 7 electrons. 


(iieri) Weel S ul [265 
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(17] The metal which is less active than potassium but more active than бїз and 


beryllium is ............... 

(3) Na 

(5) Ca 

©B 

@Fr 

© All the following about the periodic table are correct, except ............... 

(3) it consists of number of groups more than double the number of periods. 

(b) the alkali elements differ in the principal quantum number (п). 

© the energy sublevels are filled with electrons according to the uncertainty principle. 


(8) Pauli's principle is applied to every element in the periodic table. 


@ What is the total number of valence electrons in thiosulphate ion (S,0,)> ? 
@ 28e 

© 30е- 

© 32е- 

@ 34e 

© What are the two quantum numbers which represent the orbitals that are filled 
successively with electrons in the elements „Sc to „21 ? 

(п=3,[=1) 

© (n23,[22) 

©(n=4,{=1) 

@ (n=4,(=2) 


@ What is the number of the orbitals which are completely filled with electrons in 
the principal level (n = 3) of iodine atom 531? 
(9 
(5) 10 
@ 11 
@ 12 


Scanned with CamScanner 


——— Exam Model - 


@ Determine the location of the element (X) in the periodic table, knowing that 


the quantum numbers of its last electron are : (n 23, {= 1 ,m,2-1,m, --b 


ЕН 


Which of the elements X, Y апа Z has the highest second potential energy ? Explain. 


e Explain in the light of what you have studied, 
which is more acidic sulphuric acid H5SO, or sulphurous acid H,SO, ? 


267 


Scanned with CamScanner 


| 


( e The opposite figure represents the path of ics ts 


a beam of a-particles between two metal sheets 
in vacuum conditions : o- particles. 
| (2) Illustrate on the figure the path of the beam — Source of — — — —— 
| of a-particles if the upper metal sheet gagne Metal sheet o- particles 


becomes negatively charged and the lower 


metal sheet becomes positively charged. 


(2) Predict what will happen to the reading of 


the sensitive instrument after charging the two metal sheets with different charges. 


@ Chlorine atomic radius equals 0.99 À, the bond length in the molecule of ammonia 
equals 1 A, and the bond length in the molecule of hydrogen chloride equals 1.29 A 


Calculate which is longer, the bond in hydrogen molecule or the bond in 


nitrogen molecule. 


@ The following series of elements is located in one of the modern periodic table periods : 


Se Ti ү Cr Mn Fe Co Ni Cu Zn 
4. , 3d! | 4s? , 3d? | 4d , 3d? |. 49 ‚3Ф | 48? 3d? | 48 , 3d” | 4,38 | 45 , 3d? 


Complete the blanks which are found below Cr, Cu elements with what is suitable 


for each of them. 
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Choose the correct answer for the questions @ : @ 


0 Which of the following represents the proper graduation in electron affinity ? 
@O>C>N>B @B>N>C>0O 
©O>C>B>N @O>B>C>N 
Ө Breaking (M — O) bond in M — O — Н indicates that ............... 
© the difference in electronegativity between M and О 
is lower than that between O and H 
(5) the compound is being ionized according to the reaction medium. 
© the difference in electronegativity between M and О 
is higher than that between O and H 
the compound is being ionized as an acid. 


Ө Bohr’s atomic model can be applied to ............... 

(3) Nal9* ion. (b) He atom. 

© Be” ion. @ C% ion. 

(4) Which of the following conversions shows an oxidation and a reduction for 
the same element ? 

© N, — NH, — NO 

©c— co —- CO; 

© PbO, —> PbO —— Pb 

© CH, —+ C,H, — C,H, 


aN 


Ө What is the number of the orbitals which (п + /) of its electrons is less than 5? 

@4 (58 (99 (à) 10 

© Which of these electron configurations is incompatible with both exclusion principle 
and Hund’s rule ? 


ep [И cu MAH 
ОШИ] cm m | 
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е Element А 
© The opposite figure represents юле == = = 
the line spectra of four elements Element XL-]L —— L—L— —— koc di 
dr] 


A,D,X,andZ,andofamixtureof Element Z 


two of these elements. Mir | Saar Ес Om 
750 700 650 600 550 s^: 450 400 | 

What are these two elements ? Wavelength (nm 

@DandA @)XandA 

(OD andZ (9) X and Z 


Ө Which of the following represents correctly the relation between fluorine 
and chlorine atoms ? 
© Foe) < Clo) regarding the energy released from each of them on gaining an electron. 
(5) F < CI regarding the ability of each of them to attract the electrons of H — X bond. 
(С) CI « F regarding half the distance between the two atoms of the molecule of 

each of them. 
@ Cl « F regarding the subsidiary quantum number of the last electron in each of them. 


© The last principal energy level іп the element X (п = 5) contains 5 electrons. 
What is the type of its oxide X,0, ? 


@ Acidic. (b) Neutral. 
(С) Basic. (d) Amphoteric. 
(10] Which of the following represents the correct graduation in the atomic radius ? 
()F»CI»S (B S»F»CI 
©СІ>5>Е @S>CI>F 


@ The following figure represents a section in the periodic table : 


| 
| 
% 


ч! 


What is the number of the element (X), which is characterized Бу a large atomic radius 
and good electric conductivity, and forms with chlorine XCI, and ХСІ, compounds ? 


©U) O ©@) @ (4 


| 

о lo| | | | e | 
[ 
| 


N 
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© (Р) апа (О) are two atoms of two different elements : 

| *Number of protons in atom (P) is less than that in atom (9) by 7 

* Number of unpaired electrons in atom (P) is more thar: that in atom tQ by 1 
What does this indicate about the elements (P) and (Q) ? 

Element (P) is carbon and element (Q) is phosphorus only. 

(b) Element (P) is nitrogen and element (Q) is sulphur only. 

© Elements (P) and (О) may be carbon and phosphorus or oxygen and chlorine. 
(d) Elements (P) and (О) may be nitrogen and sulphur or oxygen and chlorine. 


by electrons in an ion of a metal whose electron configuration ends with 
the sublevel (2p5) ? 


@ Which of the following graphs represents the relation between the basic property of 
the element oxide and its ionic radius ? 


se PE чоё „ PET 
731 si $ Sisi Р} s Set м 
Be ‘Bos Al = |А1 $i 
& = Мр iz Е PE 
Eg g2 [4 |5 EE Al 
ae б. B 5 Б 
2 $ [АІ PE 9| Mg 99 |51 
2% Р ЕЕ Р 25 Р ИҢ Р 
a2 & 2 as as — 

| Tonic radius Tonic radius Tonic radius Tonic radius 

| @ (©) © @ 


® In which of the following pairs of substances do the nitrogen atoms have the same 
oxidation state ? 

HNO, ,N,O, 

(P) NO , HNO, 

ON, ,N,O 

€) HNO, , HNO, 


N 
u 
=) 
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@ In the experiment which is illustrated in 


the opposite figure. 
What is the postulate which could not be 


Beam of 
œ- particles 


concluded from this experiment ? Gold foil 


© The atom is not solid. 
© The atom contains a positively charged part. 

n Е " Metal sheet lined 
(9) It is possible that the electrons are present in with zinc sulphide 


the electron cloud which surrounds the nucleus. 


(3) The dense part in the atom occupies a tiny space. 


@ The following table shows the first seven ionization potentials of the element (X) : 


| lonization potentials (kJ/mol) 
| First Second | Third | Fourth | Fifth | Sixth | Seventh 
| 4870 | +1800 | +3000 | +3600 | +5800 | +7000 | +13200 


Which of the following statements is true for the element (X) ? 

() It contains a half filled p sublevel. 

(Б) It forms with beryllium a compound whose formula is BeX, 

© It is located in the fourth period in the periodic table. 

@ It has a first ionization potential less than that of the element which precedes 


itin the periodic table. 


© The actual path of the last electron іп sodium atom cannot be precisely determined, 
the previous statement is an application of ... 


(3) Hund's rule. © uncertainty principle. 

© Bohr’s rule. (d) the dual nature of electron. 
© The electronic configuration of molybdenum element „Mo Bus 
@ [kr] , 5s! ‚44° © [Kr] , 58? , 4d 

(OI S , 4a? @ [Kr] 55 , 4 


@) Which of the following includes an orbital of 3d sublevel that contains one pair of 
electrons, while its 4s sublevel is completely filled with electrons ? 


@ y Cu ® are © М" @ dd 
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0 Arsenic atom 3^5 gains 3 electrons when it combines with sodium to form, Ча ль 
What are the four quantum numbers of the first electron of these gained 
electrons ? 

E x A 

| @n=4,t=0 ‚@,==1 ‚== 
" ы 1 
@п=4,(=1,т=-1,т„=-— 
-3,(z0,m,- m =+} 
(9n23,t20,m, FU 2 

1 


@n=3,l=1,m,=-1,m,=-> 


t2 


D] What is the block in the periodic table in which most of the metallic elements are located ? 


[3] The only compound that Dalton knew the ratios of its 


| components was water (as in the table), he thought that | Oxygen Hydrogen | 
| 87% 13% | 
| 


the ratio between the number of hydrogen atoms to the 


number of oxygen atoms, equals 1 : 1 


What is the molecular formula of water as Dalton thought ? 


5 
8 Arrange the following oxygenated acids ascendingly according to their strength : 


G а 


Ф 


| Acid (1) Acid (2) Acid (3) 


(ro i p SY Гер) trees pal 213 
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[ B Classify the elements which have the following electronic configuratic:. 
two groups, with mentioning the type of the elements of each group . 


(D 152,252, 2p? Q) 17,25! 
(3) 152, 2s”, 2p° (4) 152, 25, 2р6 , 352, 3p? 
(5) 157, 257, 2р5, 357, Зрб, 4s! (6) 182, 252, 2p®, 357, Зрб, 4°. 3410,4р5 


Gs] Show the oxidation and the reduction processes which occur in the following 
equation, with determining the oxidizing agent and the reducing agent : 
2P + SHCIO + 3H,0 —> 2H,PO, + 5НСІ 


@ A representative element contains four principal energy levels occupied by electrons and 
the last energy sublevel contains three unpaired electrons. Calculate the number of : 
(1) The orbitals which are completely filled with electrons. 


(2) The electrons required to convert this element to an ion with an electronic 


configuration similar to the noble gas which follows it. 
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y~ Choose the correct answer for the questions $10 : fi 
(1) » The first assumption : Matter can not be divided infinitely. 

N 

» The second assumption : Matter is able to be changed infinitely. 


Who were the first to assume these assumptions ? 


\ 
| 


Choices First assumption Second assumption 
@ " Schródinger Heisenberg 
(b) Bohr Boyle 
© Dalton Rutherford 
(d) Democritus Aristotle 


© All the following sets of quantum numbers are possible, except ............... 


= = = zgd 
@n=3,l=2,m,=-2,m,=+5 


1 
@n=4,(=0,m,=0,m,=-> 


1 
©n=3 ,(=2,m,=-3,m,=+5 
1 


@n=5 ,(=3 »m,=0,m,=-> 
© Which of the following sublevels can absorb a photon but can not lose one ? 
@ 3d (5) 2p © Is @2s 
© Which of these elements can have positive or negative oxidation number in 
its compounds ? 

Cesium. (5) Fluorine. 

© Iodine. @ Krypton. 


© Assuming disregarding aufbau principle. 

What is the block which calcium element would belong to ? 
(3) s-block. © p-block. 
© d-block. @ f-block. 
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@ Two aqueous solutions, which are : 

e The first: M,-O-H 

e The second: M,-O-H 

If the electronegativities of the elements are : [M, 234 ,M,212,0235,H224]. 
What are the types of the two solutions ? 


Choices Т First solution Second solutio: 
@ Асїйїс Вазїс 
® Acidic Acidic 
© Basic Acidic 
@ Basic Basic 


L What is the electron configuration of the valence electrons of the element whose 


atomic number is 23 ? 


G3? (5 за, 4s? 
(©) 342, 4sl , 4p! @ 440, 452, 4p! 
(Ө Metals which are located in the beginning of each period are characterized 
(3) small atomic radius. © high ionization potential. 
© high electronegativity. @ low ionization potential. 


© What is the maximum number of electrons that have the quantum numbers 
(n23),( 22)? 


2 (08 
(910 (018 
(10] Which of the following elements is the strongest reducing agent ? 
OAI @ Mg 
©2Zn @ Си 
© What is the equation which represents the first ionization potential of barium ? 
@ Bay — Bat, e" © Ba — Bath «e 
2+ - + 
© Вау, +е-——» Ва, Ф Bap) — Bat, + e7 
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Exam Model [11| 


@ (X) and (Ү) are two different elements in the third period in the periodic table, so if : 


* The oxide of the element (X) is insoluble in water but it reacts with each of NaOH and HCI 
* The chloride of the element (Y) is soluble in water forming colourless acidic solution. 


Which of the following choices represents the elements (X) and (Y) ? 


{Choices Element (X) Element (Y) 
© Al MEN PE M 

| © Al CT iM 
© Mg І Е | 
@ Mg | | 


@ Aluminum (,,Al). 


©) Copper (Сш). 
(14) The first ionization potential of element (Y) is higher than that of element (X). 


e Formed by losing electrons from one orbital. 


What are the two elements (X) and (Y) ? 


(13) The element (О) forms an ion having the following properties : 
* Has the same electron configuration of the noble gas which precedes it in the periodic table. 


» Number of its protons is higher than that of its electrons. 


Which of the following elements is likely to be element (0)? 


(5) Calcium Ca. 
@ Sulphur (69). 


Choices Element (X) Element (Y) 
12M8 13А! 
(b) ;N 30 
© 10№е пиа 
@ К „Na 


é 
® What is the reducing agent in the reaction : H,S +1, —> S +29 


| ONS 
' Qs 


+21? 


OL 


@н' 
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© Which of the following statements represents properly the effective nuclear charge ? 
(3) It decreases in the same period in the periodic table by increasing the atomic number. 
(Е) It increases in the same period in the periodic table with moving from left to right. 

© It does not change in the same period in the periodic table by increasing 


the atomic number. 
@ It increases then decreases in the same period in the periodic table with moving from 


left to right. 


(9 Which of the following choices states the types of lithium and magnesium elements ? 


| Choices Lithium Magnesium 
@ Nonmetal Metal 
| ® Nonmetal Nonmetal 
| (9 Metal Metal 
| | © Metalloid Metalloid 


© Which of the following choices represents the electron affinity of chlorine ? 
E. Rely ea м ы 

© CI. — yte (9 Cl, t E —- Cl, 

| O Cr, — cr, re G) Cl, —e Cl e 

© The opposite figure represents a section 

in the periodic table. 


Which of the following groups i z 
its elements exist as monatomic gases ? 

©X ©Y 

Oz @w 


@ What is the electronic configuration of the first element in p-block in the fourth 
period in the periodic table ? 

@ [Ar] 4s? , 3410 , 4p! 

© [Ar] . 4s 

© [Kr] ,5s? ‚440 , 5р! 

GD [Kr] , 5s! 
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@ In 1806, the scientist Joseph Proust found that a given chemical compound always 
contains its components in a fixed ratio (by mass), he called that belief the law of 
definite proportion. 

What is the atomic theory which explained the law of definite proportion simply ? 
(&) Dalton's atomic theory. 

®© Thomson's atomic theory. 

(©) Bohr's atomic theory. 

(8) Rutherford's atomic theory. 


@ Was Pauli's principle applied to the distribution of the electrons in the following orbitals ? 


Explain. 


ШИШ 
2р 


Is 2s 


" 
(B) Why is it difficult to obtain М2 ion from the element which is located 
in the third period, group (1A) ? 


@ Illustrate the oxidizing agent and the reducing agent in the reaction which 


is represented by the equation : 6H* + 617 + CIO; —> 31, + 3H,0 + cr 
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different perceptions of the movement of " T 
the electrons around the nucleus. 

Which of them assumes the possibility of 

determining the position of the electron 


precisely ? To whom this assumption is 


attributed ? 


The opposite figures show two P ont | 
| А « i" 


(1) Determine the location of this element in the modern periodic table. 


(2) What is the block of this element ? 


@ Тһе vente figure illustrates a section in the modern periodic table : 
He 
Be | B|C|N|OJ|F |Ne 
(ма Mg Al | Si | P |S СІ Аг 
к Ca Sc |ті v (Cr Mn Fe Co|Ni | Cu|Zn| Gal бе| Аз | Se | Br | Kr 
| | Te 
‘Rb Sr Y Zr| Nb Mo Te | Ru Rh|Pd|Ag Cd|In |Sn |Sb| Te| I |Xe 


e A representative element (M) whose electrons are distributed in 2 principal levels, 
and the last sublevel contains 3 unpaired electrons : 


(1) What is the number of the representative elements in this section ? 


(2) Write the electronic configuration of Ge 


ri 


p 
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Exam model С Open Book 
| Answered 


Choose the correct answer for the questions [1] : e 
6 What is the electron configuration which is consistent with Pauli’s principle ? 


@) Is?, 2s?, 2p” ®© Is?, 252, 256, 35? 
© 1s”, 252, 2p°, 352, 3рб, 4s”, 3d!? @ 1s?, 252, 2рб, 3s”, 3p® 


© Which of the following graphical figures represents the change in the ionic radius 
along the third period elements from Na to Cl ? 


Ionic radius 
Tonic radius 
Tonic radius 


Tonic radius 


" == 


cl Na cl 
@ ® 
© The following reaction represents the total reaction in the rechargeable 
nickel-cadmium battery : Cd + 2NiOOH + 4H,O ——» Са(ОН), + 2Ni(OH),.H,O 
What are the oxidation numbers of nickel before the beginning of the reaction and 
at the end of it respectively ? 
(415,42 (5) 42,43 (43,44 (43,42 


(4] What is the least principal quantum number (n) of the two electrons in the first orbital 


z 
E 


in d sublevel ? 
@1 @2 ©з @4 


Ө The following figure represents a section in the periodic table. 


What is the choice which represents the movement from a metal to a metalloid ? 
@A—+E @E—+A © A—+C @B—+D 
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© Which of the following elements has the highest electronegativity ? 
(3) Aluminum. © Silicon. 
© Phosphorus. @ Sulphur. 


@ Which of the following choices is correct ? 


Choices | Cli — Cho | Clg — ho | Clo — С | C — CNG | 
@ | Electron affinity | Ionization potential - 20 
(©) = Ionization potential | Ionization potential 5 
| © Electron affinity - = Ionization potential | 
(3) – - Ionization potential | Electron affinity | 


© Which of the following represents Rutherford’s experiment ? 

(3) When a beam of beta particles falls on a gold sheet, it is absorbed. 

(5) When a beam of gamma rays falls on a gold sheet, it liberates electrons. 
© When a beam of helium atoms falls on a gold sheet, it is deflected. 

(8) When a beam of helium nuclei falls on a gold sheet, it is deflected. 


© The two electrons of the same orbital in any atom are distinct in the quantum 


number ..............- 
(3) m, (5 m, ol @n 

@ What is the number of electrons which have the quantum numbers (n = 3), (l = 2) in 
iron atom ? 
@2 (54 (96 (08 

© Bohr’s theory of the atomic structure agrees with the modern atomic theory on 
аб. 


(3) the electrons move іп the orbitals around the nucleus. 
© the electrons lose energy when they transfer from the principal level (n + 2) to 
the principal level (n). 


© the orbital cannot be occupied by more than 2 electrons. 


@ the energies of the sublevels in the same principal level are different. 
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(2) Which of the following choices represents the electron configuration of the atom and 


the two ions of copper in the stable state ? 


| Choices Cu Си* Cutt 
| Q | tan, 4s! , 34! [Ar], 3a”? [Ar], 347 | 
| ® |үАп,45°,347 [Ar], 4s! ‚34? [Ar], 3? 
| ран, 4s! aa! [Ar], 4s! , 3d? [Ar], 4s! ‚348 
@ [Ar], 4s* , 3a? [Ar], 45? , 3? [Ar], 4s? , 3d” 


| @ 0, — Обу *2e 


| ® 0 —7 Ot +e 


Je. 
(g) 


24 2 a= 
(p * © 


(14) Why does the absorption spectrum of hydrogen contain separate lines ? 


00+ —=0 


001—0 


(5) Because it contains only one electron. 
(©) Because it contains only one proton. 
@ Because the spectrum is recorded at low temperature. 


6 The following ionic equation represents one of the chemical reactions : 


- + 2+ 2+ 3 
МО ад + ЗН ag) + SFe(aq) — Mn (ag) + 4Н,0 + Fe) 


Which of the following statements is correct ? 

(3) Each Fe” ion gains 5 electrons. 

(b) Each H* ion is oxidized. 

© The oxidation number of Mn is changed from -1 to +2 


@ The oxidation number of Mn is changed from +7 to +2 


@ Decrease by increasing (п). (b) Do not change. 


© Increase by increasing (n). @ Change irregularly. 


Scanned with CamScanner 


© Which of the following equations represents the second ionization potential of oxygen ? 


(3) Because there are certain energy levels in which the electron is allowed to revolve. 


® What happens to the spaces between energy levels on moving from (n = 1) to (n =7) ? 
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@ On moving in group (1A) from lithium to rubidium ............... 
(3) the atomic radius decreases. 

© the ionic radius increases. 

(9) the first ionization potential increases. 


© the electronegativity increases. 


© Two elements іп the periodic table are symbolized hypothetically by the symiols 
(R) and (T), if the element (R) is located in group (4A) and the element (T) is 
located in group (6A). 

What is the formula of the compound produced from the combination of the two 


elements ? 
RT OR, 
© RT, @ RT 


(D The following table represents the properties of four elements (W , X , Y and Z) in 
the third period in the periodic table : 


[Element | бї) (X) (у) (7) 
| Reaction with „Reais Does not Reacts slowly | Reacts slowly 
| cold water vigorously react 
Reactions of Reacts Reacts Reacts with Reacts 
the element oxide | with acids with bases | acids and bases 2! with acids 


Which of the following choices represents increasing the atomic number of 
these elements ? 

@W<X<Y<Z (DW«Z«Y«x 
©Y<W<X<Z @Z<X<Y<W 


@ Each of the following can be confirmed undoubtedly, except .............. 
(3) the number of energy levels which are occupied by electrons in 2M8 atom. 
(b) the number of orbitals which are occupied by unpaired electrons in Ее atom. 
© the position and the speed of the electron in hydrogen atom at a certain moment. 
@ the difference of the properties of the cathode rays with the difference of the type 


of the substance of the cathode. 
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@ The two electrons which have the same / and m, values are located in the same . 
@ principal level. 
(6) sublevel. 


© orbital. 
@ atoms of the elements of the same period. 


@ Why is the electronic configuration (757 ‚ 257 , 2p’) incorrect ? 


© How many unpaired electrons are present in , coi ion in its gaseous ground state ? 


@ What are the types of the elements which аге found in the sixth period 
in the periodic table ? 


© The opposite figure represents one of 
the postulates of an atomic theory that 
you have studied : 

(1) What is the name of this theory ? 


(2) State the postulate represented in the figure. 
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@ In the process which is represented by the following equation : 


2+ 2- 
Zn) + Sg) —* 20 + 508) 


В + 
(1) What is the name of the required energy when Zn is converted to Zn, ? 


(2) Suggest one use for the solid substance which is produced from the combination 


of the previous cation and anion. 


(2) Write the balanced symbolic equation which represents the reaction 


© Phosphoric acid H,PO, is used in the industry of phosphate fertilizers : 
(1) Deduce the number of oxygen atoms which are nonbinded with hydrogen in this acid. 
of phosphoric acid with magnesium oxide. 
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Exam model 2 
Answered 


Choose the correct answer for the questions ® : e 


0 The ability of the gases to conduct electricity can be enhanced by ............. 
1 (3) increasing the gas pressure as well as the potential difference 
between the two electrodes of the conducting tube. 
@ decreasing the gas pressure as well as the potential difference 
between the two electrodes of the conducting tube. 
© decreasing the gas pressure and increasing the potential difference 
between the two electrodes of the conducting tube. 
@ increasing the gas pressure and decreasing the potential difference 


between the two electrodes of the conducting tube. 


ө The energies of the different orbitals in the atom or ion which contains опе electron 


depend on ............... 
(©) n only. (&) n and only. 
©n, Land m, only. @n,l,m,and m, 


© Which of the following sets of atomic numbers belongs to elements located in 
group 16 in the periodic table ? 

© 8,16 ,32 ,54 © 16 ,34 , 54 ,86 

©8,16 ,34 ,52 @10, 16 ,32 ,50 

© What is the electron configuration which represents an excited atom ? 

© [Ne]. 3s? , 3p° ‚457 , 3d? 

© Nel, 3s? , 3pf , 4s! , 30° 

© [Ne], 3s? ‚3р® , 4s? , 34! 

@ Is? ‚257 , 25) , 3s! 

© Which of the following elements atoms gains an electron with higher difficulty 


than others ? 
®© Radon. (&) Nitrogen. 
© Oxygen. @ Radium. 
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(5] The opposite table shows the oxidation numbers | Element "m 
of three elements A , B and C in a compound. Louie nier] 32: 94 1.5 
What is the probable molecular formula of this — ' | 
compound ? 

A,(8,0, (5) A GC, 
OABC), @АВС, 


9 Each of the following relations represents correctly one property in the elements of 
the periodic table, except ............... 


: | i 
| Choices | Relation Property 
рз | 
| © | Fe** > Fe?* Ionic radius 
Ө) | O>N Second ionization potential 
© | Cu> Zn Atomic size 
| © | Ti» In First ionization potential | 


(5] How many quanta are released when the electron in hydrogen atom jumps from 
(nz4) to (nz 1)? 

6 (53 

(22 @1 

© What is the number of the points їп Zp, orbital in which the electron density 
equals zero ? 

(3) Zero 

(6)1 

©2 

(1) Infinite number. 

(10) Which of the following groups includes metalloids ? 

®© Group 8 

© Group 16 

© Group 2 

(4) Group 18 
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@ A beam of Na* , K* and Ar particles passes between two charged plates. 
What is the correct figure which represents the effect of the charged plates 


on these particles ? 


+Ve T eve x 


Beam A ©) Beam n 
of particles d of particles Dac am Аг 
NET Et m Na* 
-Ve 
+Ve +Ve 
Beam Beam 
of particles Аг of particles AF 
Fe Na* MS к* 
K^ Na* 
@ The opposite compound is formed of 7 = 
four elements W , X , Y апа Z, which are located Z-Wsw-W-x- W-Z 
in different groups in the periodic table. ӯ, ү 


What are the numbers of the groups of this 


compound elements in the periodic table ? 


(W) (X) (Y) (Z) 


| Group GA) | GroupGA) | Group(6A) | Group (1A) 
© | Сгоир (4А) Group (3A) Group (6A) Group (7A) 
© | 


Group (3A) Group (5A) Group (2A) Group (1А) 
| 
Group (4A) Group (5A) Group (6A) Group (7A) 


| @ 
6 Which of the following diatomic molecules has the shortest bond length ? 
ON, ®о, 


OF, OS, 

® Which of the following changes represents an oxidation process ? 
G) NO; —- N, 

() vo?* —+ vo; 

© cio- —. cr 

O Cro2- —» cro2- 
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© The following table represents a section in the periodic table : 


Groups 
(5A) | (6А) | (7A) | " 
x | 


Which of the following statements is correct ? 


©@ Element (V) is more active than element (Y). 

(Б) Element (Z) is more active than element (X). 

© The electronegativity of element (Y) is less than that of element (V). 

(3) The metallic property of element (W) is stronger than that of element (V). 


om m LLU 
em mb rr) 
om m ml 
om pm OHH 


© What are the possible values of the quantum numbers n and m, of an electron 
in one of the orbitals of 5p sublevel ? 
@п=1,2,3,4,5/т,=+1 
@n=1,2,3,4,5/m,=-2,-1,0,+1,42 
©n=5/m,=-1,0,+1 

@n=5/m,=+1 

© The nucleus of manganese atom Mn contains 25 protons. 
What is the electron configuration of manganese in Mn, (PO 
@ [Ar] ‚34% 

© [Ar] , 3d 

© [Ar] , 3d? ‚457 

@ [Ar] ,3d? , 4s? 


? 
a2? 


© Each of the following electron configurations is consistent with Hund’s rule, except ............... 


P 


Scanned with CamScanner 


Exam Model | 


he opposite table represents the values m : 
09 pira Р lonization potentials (kJ/mol) 


of the first five ionization potentials of : 
First |Second| Third | Fourth | Fifth 


an element in the third period. 


| А е 8 | +14831 
| Which of the following illustrates 2EN | 41817 | 2745 JANEN J 


the correct sequence of the orbitals from 

which the five electrons are lost in 

the different ionization processes ? 

@ Is — 2s — 2p — 3s — Зр ® Js — 1s — 2s — 2s — 2p 
© 3p — 3s — 2p — 2s — ls (d) 3p — 3s — 3s — 2p — 2p 


© Which of these elements their number is the highest in the fourth period in 


the periodic table ? 
| @p-block elements. (b) Representative elements. 


© Transition elements. @ Metals. 


р, 
@ What is the chemical formula of the oxygenated acid which is formed of hydrogen, 
bromine and oxygen elements and the ratio of (п: m) in itis (1: 1) ? 

© HBO, ®© HBO © HBrO, (à) HBrO, 


@ Calculate the bond length їп a formula unit of lithium chloride in terms of the radii 
which are illustrated in the following table : 

| | и | ш" a | сг | 

| the radius | 157A | 068A | 099A | 1814 | 


& Does the opposite figure represent a cathode tube ? | тъ 
Confirm your answer with one reason from IX 


U V7 


L—— Electrons 


what you have studied. 


High voltage 


N 


91 
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Q4] The opposite figure represents the several transitions 
of an electron in one of the atoms. 

Which of these transitions represents an emission 
quantum (photon) ? Explain. 


Sus 
won 
NOL 


The opposite figure represents Т 

the locations of the elements W , X , Y апа 7, | Second period | w | | 
in the periods (2) and (3) in the periodic table, | Third period | X | Y 
the element Y reacts with chlorine forming 


ҮСІ, compound. 
Answer the following : 
(1) Determine the number of the group of the element (X). 


(2) What is the maximum oxidation number of the element (Z) in its compounds ? 


(1) Write the electronic configuration of the cation of the compound (Y). 


(2) What is the name of compound (Z) ? 


e Study the following scheme, then answer the following : 
+ HSO, 
ш e) 
TS 
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@ The following figures illustrate the possible electron cloud of the excited hydrogen 


electron in two different cases : 


Case (1) Case (2) 


(1) Write the possible d ) and (mp values of each electron in these two cases. 


(2) What is the principal quantum number (n) which is not possible for this 


fi electron in the two cases ? 
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Choose the correct answer for the questions @ Н @ 


Ө In the equation : 4А1 + 30, — 2A1,0, when aluminum loses 12 mo! о? electrons, 


so oxygen T" 
© gains 4 mol of electrons. © gains 12 mol of electrons. 
© loses 4 mol of electrons. @ loses 12 mol of electrons. 


б Which of the following choices represents the quantum numbers of the 19'^ electron 
in the atom of an element with atomic number 24 ? 


| Choices n l m m, 
| 1 
| 4 0 0 += 
| © =] | _ 2 
1 
| © : Ше m... 72 
| © 3 2 + +3 
| Е m 
| 9 | 3 2 2 П 


(3] Which of the following represents the electron configuration of sodium atom in 
the ground state that violates aufbau principle only ? 


om pr ШИН] [1] eu p TT] OH 
cf m CHAH H oN i mam 9] 


© Which of the following describes each 


10 
of (X) and (Y) in the opposite figure ? | 
2 
Choices | (X) (Y) 2 
| c 
б) | Orbital Orbital ё 
®© | Оњи Electron cloud 0 
m o E 
© Orbit Orbital ГМ 
1 ^ 
© | Orit Orbit о-ы 
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Ө The following electron configurations belong to the atoms of known elements, 


except ............... 
@ [Kr], 582, 425 © [Kr], 552, 44!0 
© [Ar], 457, 3a? @ [Ar], 3a’? 

Ч on the equati he t; : 

6 Base Speen ans the table lonization Electron 
Kt Clo) —- Ky + Clg) AH =? potential affinity 
What is the value of AH of this process? | potassium | +418 kJ/mol | —48 kJ/mol 
(3) 1303 kJ/mol Chlorine | +1255 kJ/mol | -349 kJ/mol | 
(5) 1207 kJ/mol 
© 767 kJ/mol 

| @69 kJ/mol 


ө Which of the following elements is located іп the fourth period, where the value 
of (n) of its last electron is as high as possible and its (£) value is the least ? 
@ Calcium. (5) Manganese. 
Ота. (d) Cesium. 


0 What are the two ions forming Li,N ? 

| Qu*.N- (Lij.N (OLi* ,N* Q)LP* ,№- 

0 The following equations represent the probable reactions of the oxides of the two 
metals (M) and (X) with hydrochloric acid and sodium hydroxide. 


, MO, $ НС ag) = МСІ, „о e Н,0( 
* ХО, + 2Na0H (4) — NaXO s 0) *Hj0g 


What are the probable symbols of (M) and (X) ? 


[ Choices Element (M) Element (X) 
| @ | А1 | CI 
(b) K C 
© Mg c 
© | Na CI 


N 
e 
a 
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© Assisted by the values of electronegativity етей | Electr v tivity | 
shown in the table. E 7 7 
What is the correct order of the strengths о 
of these acids ? C Е 
@ HIO > HBrO > HCIO Br 
®© HCIO > HBrO > HIO I E 
© HIO > HCIO > HBrO 
@HBr0 > HCIO > HIO 
@ The opposite figure illustrates some travels ue ee asé 
of the electron of hydrogen atom between Bs NE 
the different energy levels. mE B Pp жей 
Which of these lines represents a visible 3 c 
spectral line of hydrogen atom ? à = ac 
(A A 
(5B 
(c 
@ р п=1 
© A transition metal ion X* its electron configuration is : [Ar] ,30* 
7 What is the atomic number of the element (X) ? 
@2 
@ 24 
(©) 25 
(3) 26 


(13) The chemical formula of the mineral talc (magnesium silicate) is : Mg,Si,O,,(OH), 
What is the oxidation number of silicon in the mineral talc ? 
(3) -4 
(5-2 
(042 
(3) «4 
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© The following figure represents a section in the periodic table : 


| IP[ | L1 1141 [el 
| R 5 


What is the proper order which represents the gradual ascending in the metallic 
property of the illustrated elements in this section ? 

(S) Q «P«R«S (b Q«S«P«R 

()S«P«R«Q (d Q«R«P«S 


| 
| 3+ — 
| (@)Вй,——=Вї„ +е deam ad 
| © Bi, + © — Big, @ Bit; — Bits te 
What are the assumed quantum numbers of the electron which is added to 


gallium (,,Ga) atom when this electron is in its stable state ? 


@n=4,l=1,m,=0,m,=44 ®n=3,l=2,m=+2,m, =+} 


rl 


()n24.(20,mj-0,m, =+} ()n-3,l-0,m,-0,m,--3 


N| 


9 Which of the following graphical figures represents the graduation 
of the electronegativity property in the elements of the third period 
(excluding argon) ? 


Н Z 2 Н 
= — E _„ Б . i ii н aa = 
NaMgAl Si P S CI NaMgAl Si P S СІ NaMgAl Si P S CI NaMgAl Si P S CI 
G) ©) © @ 
@ The most active nonmetal in the periodic table is the element which is ............... 
© the last in group zero. (b) the first in group (7A). 
© the last in group (2A). @ the first in group (SA). 


(TAT ANT (Ce) -sas poll [207 
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a very thin gold foil (as represented in Beam of 


GA 


the figure), the final direction of most 


of these particles is ......... 


Р When a beam of о-рагїісіеѕ collides with Gold foil 
œ- particles D= саа "9 
к» —B 
n © 
р 


OB 
Фс 
@р 


om WELL 
| om MEL) 
om WM EL) 


© Which of the following electron configurations violates Pauli's principle ? 


e The opposite figure represents an excited hydrogen atom. Electron 


What is the name of (C) which is produced from ^ 


| the movement of the electron from level a ‘Nucleus i \ 
i 


(A) to level (B) ? 
(2) Excited electron. 
(Б) Stable electron. 
©) Quantum. 


@ Visible specirum. 


w| (B 9 |; : 


@ What is the block of the elements which contains the highest number 


| 


of the fifth period elements in the periodic table ? 


B 
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® Calculate the number of the orbitals in the principal level (n = 5) which can be 
occupied by electrons in the actinides. 


@ A sample of an organic compound its mass is 10 g is composed of 92.3% C and 7.7% H 


What is the percentage of carbon and hydrogen elements in a sample 


of the same compound its mass is 5 g ? Explain. 
What is the name of the first scientist who suggested this answer ? 


A 
9 Compare between perbromic acid HBrO, and hypobromous acid HBrO in terms of : 


(1) Strength of the acid, with explanation. 
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5 E 

e- 

D The following table shows five successive elements which are located in one period 
in the periodic table : 

а | ® © D) ® | 

| [Ne] . 3s! | — | 


(1) Write the electronic configuration of the element (C) in its position in the previous 


table, with writing the quantum numbers of the last electron in element (D) atom. 


(2) Write the symbolic equation which represents the reaction of one of the oxides of 


element (E) with water. 


© Calcium element and strontium element are located in the second group 
| in the periodic table : 
| 1) Why is the ionic radius of strontium Sr^* smaller than its atomic radius ? 


(2) What is the number of the orbitals which are occupied by electrons in calcium atom 


in its ground state ? 


GZA 


1300, 
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Exam model с Open Book 
| Answered 


Choose the correct answer for the questions [1] í e 


(1] Which of the following statements about the groups of the periodic table is correct ? 
(3) АП groups contain metals and nonmetals. 

(©) The elements in the same group have the same number of electrons. 

© The chemical activity of the elements of group ( 1A) decreases by increasing 


the number of protons. 
(8) H* is easier to be separated from the halogen acids with increasing 


the atomic number of the halogen. 

6 All the following represent main transition elements, except .............. 
Ouz 

( Y : [Ar] , 452, 3d! 

Ow: [Xe] , 652, 477, 5d! 

() 110% 


Ө Chlorine element forms 4 oxygenated acids, which are : 
(HCIO/ HCIO,/ HCIO 4/ HCIO,) 


What is the oxidation number of chlorine in the strongest acid ? 


@+7 (® +5 
(©) +3 @ +1 
0 The opposite figure represents a section in the periodic table. Q^ 
Which of the following represents the electronegativity "e KJ ES 
for these elements ? E s 
gobi 
| Choi The most The least L— 
oices | electronegative element | electronegative element 
@) As Bi 
® I In 
© | I Bi 
= 
@ Te | Sn 
301 
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e The following figures represent 4 atomic models : 


2о E 


(1) (4) 
What is the correct historical order of these models ? 
| @ (3) — (1) — (4) —+ (2) © (2) —— (1) —+ (4) —+ (3) 
© (4) — (2) —+ (1) + (3) @ (2) — (4) —+ (1) —+ G) 
o What are the quantum numbers of the eighth electron in oxygen atom ? 
@n=2,l=1,m=-1, m,--1 @n=2,l=1,m,=+1, m =+5 


| l 2 t 2 
| ©з=2.'=1,т=+1,т,=-1 @n=2,l=0, m=-1,m, =+} 
@ An element has the electron configuration : [Xe], 4/14, 5d, 6s? 
| What is the location of this element in the periodic table ? 
(3) Sixth period, group (1). (5) Sixth period, group (2). 
© Sixth period, group (4). @ Sixth period, group (17). 


© Each of the following determines the type of the element according to its electron 


configuration, except .............. 
Choices | Electron configuration Type of the element 
(8) ns! ? or ng, npf Representative 
Ө) Is? or ng? , npf Noble gas 
© (n-1)d! ? ‚п! 92 Main transition | 
(à) (n-2)f!* , (n-d 99. ns? Inner transition 


© The radius of Li* ion is close to that of 


(3) Na* ion. (Б) Be” ion. 
| © Mg” ion. (d) AP* ion, 
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@ Which of the following processes is accompanied by releasing energy ? 
© Sce) —> Seq) te 

Ө) Foe) — Fe +e 

© Ме) mera Ме) 

@ Brig) + © —- Bri) 


@ All the following oxides behave similarly during the chemical reactions, 


— —— Exam Moris 


a 


| except... 
| 
| @MgO (5) SnO 
(© 7лО @ PbO 
p 
@ Which of the following energy sublevels does not actually exist ? 
| ©? (5) 3d 
| 
| ©з © 3f 
(13) What is the property which is 
] He 
| represented by the vertical Ne 
| а 
| axis in the opposite graphical figure ? я Аг ns 
| @ Atomic radius. i н 
Б 
| © Electron affinity. ? 
ЛИР 2 Li Na 
© The first ionization potential. K NDS 
АР 0 
(8) Electronegativity. 9 10 Atomi к Ж. a 


Ф Germanium Ge is located in the same group of carbon and silicon in the periodic table. 


| Which of the following choices represents the correct formulae of 


| the different compounds of germanium ? 
|, _ 
| Choices | Germanium chloride | Germanium hydride Germanium oxide 
| © GeCl GeH GeO 
| © Сес! Сен, GcO, 
T 
© GeCl, GeH GeO 
@ бесі, бен, бео, 
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& 
@ What is the change which happens when a phosphorus atom |Р is converted to 
a phosphide ion ? 


Choices | Number of unpaired electrons Total number of electrons 
© Increases Increases 
® Decreases Increases 
(9 | Increases Does not change 
| 
@ | Decreases Does not change 


@ How does the strength of the elements as reducing agents change through 
the third period from Na to Ar ? 


(3) Decreases regularly. © Increases regularly. 

© Decreases then increases. @ Increases then decreases. 
@ What is the ascending graduation of the following elements in terms of 
the atomic radius ? 

| @Cs<Na<Mg<Ba ®© Mg < Na « Ba < Cs 

© Mg « Ba « Na «Cs @ Ba « Mg « Na « Cs 


© In which of the following elements the orbitals of 5d sublevel are occupied by 


electrons ? 
© ,,Ag © Ва 
(9 mz @ п 


© Which of the following transition of the electron of hydrogen atom produces visible 
light emission ? 

@ (n = 1) —+(n=2). (b) (n=5)—+ (п = 2). 

© (n 23) —+ (п = 4). @ (n=3) — (n= 1). 

@ Which of the following is among the conclusions of Rutherford's experiment ? 

(3) Electrons revolve around the nucleus in definite orbitals. 

@ The mass and the positive charge of the atom are concentrated in its center. 


© The atoms of the same element are similar in mass, 


@ The electron is a particle with mass and has the Properties of waves. 
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@ Use the following redox reaction to answer the question : 
ў MnO; + 5Ее?* + ЗН? —> Mn” + 5Fe** + 4H,0 
| During the reaction, electrons transfer from ............... 
| © Ее —+ Fe?* (5 Fe?* —- MnO, 
| 
© MnO; — Fe** @ MnO; —e Mn” 


o The following table illustrates the ionization potentials (from the fifth to the eighth) 
of two elements (X) and (Y) in the third period in the periodic table : 


lonization potentials (kJ/mol | 
Element : - 
Fifth Sixth | Seventh Eighth 
(X) +7012 +8496 +27107 +31671 
(Ү) +6542 +9362 +11018 +33606 | 


(1) What is the number of the group of element (Y) ? Explain. 


(2) Write the electronic configuration of the element (X) according to aufbau principle. 


€ : 5.55 
& The opposite figure represents one of к то m 
the postulates of an atomic theory 
that you studied : Combination 
—— 
(1) What is the name of this theory ? 
444g 
Ride oe nid diatur ta usd Poe 2 ur 
(2) State the postulate which is represented Гуд 


in the figure. 


(5 STI (Ce) de. poll 305 
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e In the two opposite figures : Я 
(1) Is there changing іп the path of Beta particles o Alpha particles рус 
е ... field 
the particles in both cases ? [s] T 


Figure (1) Figure (2) 
(2) Compare between the path of each of 


alpha particles and beta particles when they both pass 
through the electric field which is illustrated in figure (2). 


e The following figure represents a section in the periodic table : 


=== A 


||] le 


| 
| 
| Determine the symbol and the block of the metalloid. 
| 


T Write the symbolic equation which represents the electron affinity of selenium element Se 


copper „Си elements in case of their similarity. 


[ Illustrate the electronic configuration of the two ions of zinc 7л and 
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Question number 


Answer 


15 | 16 | 17 | 18 | 


& E 


19 2 
d ъъ ја [е Га 


( Answers of essay questions ) 


(1) So that the gas can conduct the electricity, as gases do not conduct 


electricity under normal conditions of pressure and temperature. 

(2) Because they are streams of invisible rays emitted from the cathode of 
the discharge tube. 

(3) Because alpha particles are positively charged, while electrons are 
negatively charged. 

(4) To detect the invisible alpha particles, as they glow at the positions 
where they collide with this substance (ZnS). 


[4] 
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(5) As he believed that the atom is composed of a central nucleus (representing 
the sun), and the electrons revolve around it (representing the planets). 

(6) Because the attraction forces between the electron and the nucleus 
equate the centrifugal force on the electron resulting from its 


continuous revolution around the nucleus. 


No cathode rays would be emitted / As the gases do not conduct 


electricity under normal conditions of pressure and temperature. 


Cathode rays are not affected / As cathode rays do not vary with the 


nature of the cathode material, or the used gas. 


[42] (1) Due to the presence of a tiny part of a very high density, which was 
named by the nucleus. 
(2) (i) Most of the atomic volume is an empty space. 
(ii) The charge of the nucleus is similar to that of alpha particles, 


so the particles are repelled on approaching the nucleus. 


Particles (B) / As they pass in the spaces of the atom. 


1 

(1) (A) 
(B) 
(Q 


(2) To find out the ratio between the numbers of penetrating, reflected and 


the deflected alpha particles to identify the atomic structure on trial basis. 


[5] 
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(Answers of the higher-order questions ) 


Chapter = 


Idea of answering 


Among Dalton's postulates are : 
* The masses of the atoms of the same element are similar. 


-. The choice is excluded. 
* The masses of the atoms differ from one element to another. 


2. The choice (b) is excluded. 

* The element atom is indivisible (can not undergo 
fission process). 

-. The correct choice is (с) 


(1) Dalton. 
(2) The compounds are formed by the combination of the elements atoms 


in simple numerical ratios. 
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32 | 33 | 34 35 36 37 | 38 


с | с | а|с | 
( Answers of essay questions  ) 


(1) As it is composed of a limited number of restricted coloured lines 

separated by dark areas. 

(2) Because there are no two elements with the same line spectrum. 

(3) Because the distance and the difference in energy between 
the different energy levels are not equal. 

(4) As it was proved later that the hydrogen atom has three dimensional 
coordinates. 

(5) As it is a material particle which also has wave properties. 


e Position (C) / Because the spaces between the energy levels are 
forbidden for the electrons. 


e Position (X) / Because the electron revolves in the energy levels around 
the nucleus and not inside the nucleus. 


E (1) — (3) — (2) 
(B D——-B—-C——-A 


The energy of the electron increases and it transfers from its stable energy 
level to a higher energy level (farther from the nucleus). 


B / Because the visible spectrum is formed of the emission of quanta 
when the excited electron travels from the energy levels which are higher 
than (n = 2) to the energy level (n = 2) only. 


Figure (2) / Because the wavelength of the green light is lower than 
that of the red light. 


(1) Bohr. (2) Electron cloud. 
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(Answers of the higher-order questions ) 


Idea of answering 


*- Red light has the highest wavelength, and hence 
the lowest frequency (in the visible spectrum). 


2. The correct choice is (9 


According to Bohr's model, the electron orbits 
the nucleus in a definite specific orbit. 


d 
OC 


(i.e. there is one constant probability for the presence of : 
the electron at a certain distance from the nucleus). 


-. The correct choice is (а) 


‘ The wavelength of the photon is 486 nm 

-. The photon lies in the wavelength band of the visible · 
spectrum (410 : 656 nm). | 

77 The visible spectrum of hydrogen atom is produced by | 
the transfer of the excited electron from energy levels | 
higher than (n = 2) to the second energy level only. 


2. The correct choice is (5 


"^ The difference in energy 


between each energy level + ) rat | 
and the level which follows | 
: ABD | 
it decreases by increasing i | 
М. 
AE, 


the distance from the nucleus. 


5 AE, «AE, | 
-. The correct choice is (5 
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To transfer from energy level L to K . the electron must lose 
a quantum of energy. 
2. The choices (b) and @) are excluded. 
++ The difference in energy between the two levels 
(K and L) is higher than that between (L and M). 
2. The choice (a) is excluded. 
-. The correct choice is ©) 
If the electron acquires a certain amount of energy. it 
can transfer to a higher energy level only when this 


amount of energy equals the difference in energy 

between these two levels (a quantum). 

-- The difference in energy between the levels M and N 
(AE) = (-1 x 10719) (—5 х 10719) =4 x 10°17 

+ The gained energy (4 x 10-1? J) equals the difference 
in energy between the two levels M and N 

2. The electron will travel to the energy level N 


2. The correct choice is ©) 


@ The frequency of the red light, as the wavelength of the red light is 
less than that of the infrared radiation, and the frequency is inversely 
proportional to the wavelength. 
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Question number 26 | 27 


wor nad сас сь 


О ют» 31 32 33 M 35 


— —— ———————4— 


Ама 4 b 


(Qoo Values of (f) :0,1,2.3 
2) Values of (m) : -3, -2. -1,0, 41,42, 43 

fj Number of electrons in the principal level (n = 2) = 2n? = 8 electrons. 
Number of electrons in the sublevel 4d = 2 x 5 = 10 electrons. 
^. The maximum number of electrons in 4d sublevel is higher than that 


An the principal level (n = 2). 
{С Number of orbitals = п? = 2? = 4 orbitals. 
g: mo 
—— | aao faes] 
Меке ATI 
4) оар 
Оо 
p = 
ү 9 
@ (1) Because the possible values of (f) ia the principal level (n = 3) 
when im, = +2) is 2 only. 
2) Because the possible values of (m) in the sublevel (1 = 1) 
шс -1,0, «1 only. 


(3) Because im ) values ate integer mumbery only whether positive 
о negative, and the possible value of (m ) of the sublevel (| = 0) i omiy 0 


Scanned with CamScanner 


Þ Lesson Three l^ 


+ Figure (2) / 3р, 
* Figure (3) / 2p, 


(Answers of the higher-order questions ) 


Idea of answering 


7"nz4, [21 

-: Each p sublevel consists of 3 orbitals, and each 
orbital becomes saturated by 2 electrons. 

2. The maximum number of electrons = 3 x 2 = 6e^ 


2. The correct choice is (b) 


-. The sublevel is 4p 


(23 ~. The sublevel is f sublevel. 


*- The sublevel f consists of 

7 orbitals, be of them 
becomes filled with 2 electrons, one of them spins 
clockwise (4) and its m, = +} ‚ and the other spins 
anticlockwise (V) and its m, = -4 
2. The maximum number of electrons which have 
(m, = +2 = 7—7 
2. The correct choice is (с) 


Scanned with CamScanner 


1 Atomic Structure mnm Sa 


Chapter a= 


@ ©) ' The number of the orbitals of each sublevel can be 
estimated from the relation (2/ + 1). 

> Each orbital becomes saturated by 2 electrons. 

-. The number of the electrons required to saturate each 


sublevel is estimated from the relation 2(2/ + 1). 


-. The correct choice is (а) 


`7 The number of the orbitals of any sublevel is 


estimated from the relation Qt +1). 


ve =2/ y =®=1 
х +1 af 2 


-. The correct choice is (с) 


2 As the value of (/) increases, the number of the 
orbitals increases. 

-. The choices (а) апа ©) are excluded. 

' No. of the orbitals of the sublevel is estimated from 
the relation (2/ + 1). 

2. When (( 20) , the number of the orbitals is 1 (not 0). 

~<. The choice (с) is excluded. 


-. The correct choice is (b) 


* Any orbital can not contain more than 2 electrons. 
-. The number of the electrons required to saturate any | 


orbital is constant (2e~) no matter what the (/) value is. | 


~. The correct choice is (c) 
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++ The two figures are spherical symmetrical shapes 
around the nucleus. 

~. The two figures represent two s sublevels (with the same 
({ = 0), and the same distribution of electron density). 

2. The choices (a) and (b) are excluded. 

+: The two figures differ in size. 

2. The two sublevels differ in the principal quantum 
number (n). 


2. The correct choice is (с) 


(b) This table shows the number of electrons required to 
saturate each choice : 


| One хи Sdodilevel EH One of 
| 4f orbitals level (n = 2) | 3d orbitals 
Ё _ |2(?- 2(2)° 


-. The correct choice is (Б) 


| @ | 


*- Electron (Y) and electron (X) have the same energy. 

2. Both of them have the same n and / values. 

-. The choices (b) and (a) are excluded. | 

+: The spinning motion of electron (Y) differs from that 
of electron (X). 

г Electron (X) has m, value = d 

2. Electron (Y) has m, value = +1 


2 
-. The correct choice is (а) 
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1 Atomic Structure 


(1) Number of electrons = 2m? =2x 3° = 18 electrons. 
(2) Number of electrons = Number of electrons of 2s sublevel = 2 electrons, 


1 lesson Four б 


Answers of Chapter 


( Answers of multiple choice questions ) 


Answer 
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( Answers of essay questions ) 


© oe fo 


2s orbital 2p, orbital 2py orbital 2p_ orbital 


£f The two electrons have the same principal quantum number (n = 2). 
subsidiary quantum number (l= = 1) , and the magnetic quantum number (mp 


They may differ in the spin quantum number (m, )- 


— = 
a m db 


Cl : Is? , 2s? , 2p® , 35? , 3p® 


+ The last two electrons have the same (п), (b ,(m p but they differ in (m,). 


First electron 


Second electron 


(1) • Pauli’s principle is not applied due to the presence of two electrons 
with the same four quantum numbers in the first orbital of p sublevel. 
» Hund's rule is applied where the pairing of the electrons did not 
happen before all orbitals were occupied with unpaired electrons first. 
Q) » Pauli's principle is applied as there are no two electrons have the same 
four quantum numbers. 
» Hund's rule is applied where the pairing did not happen before 
all orbitals were occupied with unpaired electrons first. 
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(V) The last electron is found in the third orbital of 2p sublevel. 


2, The electronic configuration of the element is : 
Is? А 252 ‚2р 
2. The atomic number = 7 


(9 а) 1s? , 25? , 2p° , 38? , 359 ‚457 ‚34° 


-. Maximum number of electrons = 25 electrons. 


(2) Is? , 2s? , 2p° , 3s? , 3p® , 4s? , 3a! , 4p® ‚5° „4410 , 5рб , 65 , 4j] 


.. Maximum number of electrons = 70 electrons. 


(1) ` The electronic configuration of the atom of the element (x) is : 


Is? , 2s? , 2p , 3s? , 3p® , 4s? , 341? , 4p” 


= e ur mE 
п=4 $ {-1 P m,-0 x m= 
(Answers of the higher-order questions ) 
tone Idea of answering 
(с) ‘ The two electrons of the same (m) -1 0 +l 
sublevel which have the same np nue 
m, value must be located in (m) +4 +4 
two different orbitals. 


*. The two electrons differ in the magnetic 
quantum number my only. 


2. The correct choice is (с) 
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= 15 orbitals 
Aco oe ETC ШИИШИ 
152 252 352 452 
2 orbitals 
BIN 
4p? 


2. Number of electrons of the last energy level 
= The total number of electrons of ће sublevels 4s and 4p 


= 2 + 2 = 4 electrons 
2. The correct choice is (с) 


(b) By increasing the number of the electrons in the sublevel 3d , 
the number of single electrons increases up to 5 single electrons. 


F й 


-. The choices (а) апа (с) are excluded. 
*.' Pairing of electrons 
in the orbitals of 

3d sublevel 
(according to Hund) 
starts after the half 
filling of these orbitals, FPPTTTUUMTR 


(Y) 


© — to ш рф ta 


(х) 


which results in decreasing 
the number of the single (unpaired) electrons until it reaches zero. 


m d filled Hi Hi TT] TH Hi 


2. The correct choice is (b) 


Cri Olvgl ov c) = «Gas — poled! 
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| (5 © The sublevel which consists of 3 orbitals is p 
| 4421 
sne(-5 on=4 


2. The last sublevel in this element atom is 4р! 

2. The electron configuration of this element atom is : 
1s? 42s? E 2p° ‚352 ”‚ зрб ‚4? „за! 

2. The atomic number of this element = 31 

2. The correct choice is Ө, 


(с) *` The principal quantum number of the farthest electron from 
the nucleus n = 4 


2. The farthest electron is found in the 4" principal energy level. 

*- No. of electrons in the level M is double that in level L (16e) 

-. The electronic configuration of the atom of this element is : 
152 „282 , 2p , 3s? , 3p" „452 , 3d? 

<. The atomic number of element (X) = 28 

-. The correct choice is (с) 


1 Atomic Structure кок zs SS 


*- Element (X) atom contains 3 occupied principal levels, and 
the summation of the spin quantum numbers of its valence 
electrons is 12. 

-. Its electron km is : 152,25? ‚2р®, 352 „Зр? 


w ПИШ 


Summation of m, (+2-2) (+ 2 ч, 


of valence electrons = 0 =1 


~. The atomic number of (X) = 
2. The correct choice is (b) 


un 


*. The last sublevel in 

2. The electronic confi 
ends with 35° É 3p! 

-. The number of half} 
X atom is 1 

*. The correct choice i 


Gallium 4,Ga atom ini 
number of electrons fo 
г. The choices (a) anc 
* The electron config 
Is? „25? , 2; 
It can be written like : 
-. This electronic соп) 
excited atom. 
т. The choice (c) is е; 
-. The correct choice 


1вАг: 15? ‚257 ‚2рб 
- The last sublevel ir 
7. The choice (a) is e; 
*- The two electrons « 


the same spin quan 
2. The choices (b) anc 


-. The correct choice : 


26Х: 152 ‚25? ap? = 
*- The last two electron 
3d sublevel in 2 dit 
-. The two electrons d 
-- The correct choice - 
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2. The choices (b) and (d) are excluded. 
2. The correct choice is (с) 


*.` The last sublevel in e+ ion is 2p° 


The electronic sitfiguedlion of X atom Hall 


ends with 35^ , 3p 2 
5. р 


2. The number of half filled orbitals in 


X atom is 1 


-. The correct choice is (5 


Gallium 3168 atom in its excited state contains the same 
number of electrons found in its stable atom (31 electrons). 
2. The choices (a) and (d) are excluded. 

* The electron configuration of the stable gallium atom is : 


Is „252 , 2p „352 , 3p° , as? , 3a!” , 4p! 


It can be written like: 2 ,8 , 18 ,3 
-. This electronic configuration does not represent an 


excited atom. 


2. The choice (9 is excluded. 
2. The correct choice is (O) 


2 2 6 
ght: 157,257 , 2p% ‚3° ,3p 
*' The last sublevel in Ar atom 3p contains бе 


-. The choice (а) is excluded. 
*- The two electrons of the same orbital can not have 


the same spin quantum number. 


ag 182 „252 , 2p , 35” , 3p Las! sd 


.” The last two electrons are found in — 346 THIHHIH 


3d sublevel in 2 different orbitals. 


2. The two electrons differ in the quantum numbers my and m, | 
-. The correct choice is © | 
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1 Atomic Structure 


Question number п | 12 | 13 14 | 15 | 16 | 17 | 18 | 19 


Answer c К, c|b | b | 
( Answers of essay questions ) 


e » The electrons : Are deflected towards the positive electrode / As 


they are negatively charged. 
* The protons : Are deflected towards the negative electrode / As 


they are positively charged. 


• The neutrons : Are not deflected / As they are neutral. 


| .  Rutherford's 


* Contains a vast space 
(not solid). 
* Electrically neutral. 


* Solid sphere of uniform 
positive electric charges 
in which a number of 
negatively charged 

electrons are embedded 

resulting in making the 
atom neutral. 
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* Negatively charged 
particles, and their total 
negative charge equals 
the positive charge of 


* Negatively charged the nucleus. 


Electrons| particles embedded * They move around the 
in the atom. nucleus at tremendous 
speeds in special orbits. 


* Their mass is negligible 
compared to that of 
the nucleus. 


(23) + The Process : (X). 


+ The scientific name : The quantum. 


( Answers of multiple choice questions ) 
Gna | 1°) 3 | 3 AE 7|8|9 |10 
Ап а с! е1 ъа bjaj|bja 

| == е [а | 
12 | 13 | 14 | 15 | 16 | 17 | 18 19 | 20 
а ес! саа а |с ej? 


27 


| бино биг 


Answer 
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( Answers of essay questions  ) 


(1) Because they have similar electronic configurations for their outermost 
energy levels (valence shells). 


(2) „МО : [Kr] , 58” , 4d* 


As the atom becomes more stable when 4d sublevel is half filled with 
electrons. 


@ jgCu* ion and gin” ion have similar electronic configuration : 
[Аг], 3479 

It is obvious in the figure that the first period is not present, consequently : 
* Element (T) is located in the fourth period, group (2A), so its 


electronic configuration is [Ar], 4s? 
-'. The atomic number of (T) = 18 + 2 = 20 


* Element (U) is located in the fifth period, group 7 (7B), so its 
electronic configuration is [Kr], 552 А 4d? 
-. The atomic number of (U) = 36 + 2 + 5 = 43 
The difference between their atomic numbers = 43 — 20 = 23 
(1) Main transition element. 
(2) *- The electronic configuration of the element ends with : 552 Р 44! 


^. The element lies in 5" period, group 3B (3). 
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(3) `` The element lies in 5% period. 
2. Its electronic configuration begins with the noble gas found in 4% 
period which is krypton „Кг 
*. Its full electronic configuration is : [Kr], 552 , 4d 
.. Number of protons = Atomic number = 36 + 2 + 1 = 39 
.. Number of protons in the nucleus of this element atom = 39 protons. 


1 


(1) * The electronic configuration : Is? , 22, 2р? 
* Location : The second period, group 5A (15). 
(2) p-block. 


Type 
Main transition 


Inner transition 


Atomic number 


(1) [He] , 2s? , 2р! 
(2) * Period : Second. » Group : 13 (3A). 


F) `~ Element „W electronic configuration is : [He], 2s? ,2p? 
2. It is located in the second period, group 5A (15). 


Consequently element X is located in the third period, group 4A (14) 
, and its electronic configuration : [Ne], 352 ‚3р 


^. The atomic number of X = 10+2+2= 14 


S) `- The metals of group 2A tend to lose their valence electrons during 
the chemical reactions, forming M * ion. 


-. The general formula of their oxides : MO 
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(Answers of the higher-order questions ) 


Idea of answering 


-- By increasing the atomic numbers of the elements down 
the same vertical group in the periodic table, the number 
of the principal energy levels which are occupied by 
electrons increases. 

-. The choices (5 and (2) are excluded. 

+: The increase in the atomic number on moving from one 
period to another in the same group is not regular (does 
not have a pattern). 


-. The choice (а) is excluded. 
2. The correct choice is © 


The following table shows the electronic configurations of 
the atoms and the ions of the compounds mentioned in 
the choices and the number of the electrons in each of them : 


Electronic configuration | Electronic configuration | 
|. ofthe element atom |. — efitsion | intheion | : 
| 
| gO + Is”, 28°, apt O% : 1s”, 252, 2рб | nw | 

EN 


7 No. of Mg^* electrons # No. of CI electrons. 


© 


2 
165 : Is”, 28”, 2p, 35, 3p* |S% : 157,25”, 2p, 35”, 3p° 


2. The choice (2) is excluded. 

"7 No. of Na‘ electrons # No. of СГ electrons. 
^. The choice (b) is excluded. 

*^ No. of Mg?* electrons = No. of O% electrons. 


-. The correct choice is (с) 
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@ "> Element (X) forms the compounds XCI, , X,03 
2. Element (X) is trivalent. 
2. The electronic configuration of element (X) ends with ns?, np! 


-. Element (X) is located in group (III A). 


-. The correct choice is © 


*- The positive ion of the compound МО is divalent and its 
electronic configuration ends with 2p? 
-. The electronic configuration of element M is : 
Is? , 25? " 2рб р 352 
2. Element M lies іп 3“ period, group 2 
-. The correct choice is (9) 


64 "7 The 4 quantum numbers of the last electron which has the 
highest energy in the atom of the transition element are : 
n=3 ‚{=2 ‚ш,=+2 mo244 
2. The electron with the highest energy exists in the sublevel за? 
-. The electron configuration of this element atom 
is : [Ar], 457,34? 
.' The electron configuration of the last representative 
element in the same period of this 
transition element is : [Ar], 4s”, 3410, 4p”, 
2. The quantum numbers of the last electron in 
this representative element are : 
n=4 l1 ‚т,=0,т„=—у 


2 
/. The correct choice is (а) 


[25) 
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Question number 1 


Answer d 


( Answers of essay questions ) 


(1) Because it is impossible to determine the precise location of 


the electron around the nucleus. 
(2) sP : [Ne]. 3s? , зр? 165 : (Nel, 35? , 3р 
Because the atom is more stable when sublevel 3p is half filled 


with electrons (as in phosphorus), and hence removing an electron 
decreases its stability. 


(3) Because it requires breaking a completely filled energy level. 
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Ei 


( Ве: Is”, 288) e у: 182,252, 293 ‚ Nei Is?, 22 , 2р® 
Because the atom will be more stable when the sublevel : 

* 2s is completely filled as in case of beryllium atom ,Be 

• 2p is half filled as in case of nitrogen atom „N 

• 2p is completely filled as in case of neon atom Ме 

and the addition of an electron to any of these atoms decreases its stability. 


(5) Because fluorine atom is smaller in size as it has smaller radius than 
chlorine atom, so any new electron will suffer a strong repulsive force 
with the nine electrons already existing around the fluorine nucleus 
which decreases the released energy due to consuming a part of this 
energy to overcome this repulsive force. 


Bond length in O, molecule 


The atomic radius of oxygen = 5 


2 1(0) 2135 =0.66A 


The atomic radius of hydrogen = 
(O — H) bond length — The atomic radius of oxygen 
z. 1(H) 20.96 -0.66=0.3A 


The atomic radius of hydrogen — 
(Н — CI) bond length — The atomic radius of chlorine 
^. r (H)=129 -0.99 203A ^ 2r Hy) 22x03 2 06À 
The atomic radius of nitrogen = 
(N – H) bond length — The atomic radius of hydrogen 
270) =1-03=07А 22104) =2х07=14А 


^. The bond length of nitrogen molecule (1.4 А) is longer than that of 
hydrogen molecule (0.6 А). 


ШЕ: 
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Chapter == 


(1) The bond length in the formula unit of NaBr = r (Na*) + г (Br) 
20.98 + 1.85 =2.83А 


As it is an ionic compound. 
(2) The bond length in HBr molecule = r (H) + r (Br) 
-0341.42144AÀ 


As itis a covalent compound. 


(1) Ca» Mg > 17C1/ As the radius increases іп the same group by 
increasing the atomic number and decreases in the same period by 
increasing the atomic number. 


(2) L > Br, > Cl, > F, / As the radius, and the bond length subsequently, 
increase in the same group by increasing the atomic number. 


The statements (2) and (3). 


(1) Because the increase in the number of the negative electrons more 
than the number of the positive protons in sulphide anion increases 
the repulsion forces between the electrons, leading to increasing 
the size of the anion. 

(2) Because the number of positive protons in Са2+ is higher than 
the number of positive protons in e, consequently the effective 
nuclear charge in Ca?* is higher, so this causes the radius to decrease. 


= Its 6% ionization potential is very high compared to the 5% ionization 
potential. 
2. Removing the 6" electron requires breaking a completely filled level, 
consequently this element has 5 electrons in its valence shell. 
*- It is located in the third period, 
7. Its electronic configuration is ; /5? , 252 ‚2рб, 3s? ‚3р? 
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(Б (1) Second ionization potential. 


(2) M* is larger in radius , as the ionic radius of the positive ion decreases 
by increasing its positive charge. 


Ori; t + Energy —> Ti^ + ) ^ , АН=(%) 

First ionization potential of sodium Nay T" and the electron affinity of 
chlorine Clo) 

Figure (1) : oF Figure (2) : „Вг Figure (3) : Br 


As the ionic radius of the negative ion is larger than its atomic radius, 
and the radius increases in the same group by increasing the atomic 


number. 


(B Q)D (3)! (4),(5) К (6)1,Y 


(Answers of the higher-order questions ) 
number 
@ 


Idea of answering 


++ The atomic radius of an element of group ІА is larger 
than its ionic radius. 

-. The ratio between them is greater than 1 

;. The correct choice is (d) 


++ Ionic radius of М?* > Ionic radius of M 
» Ionic radius of м“+ 
As, the ionic radius of the positive ion decreases as 


its charge value increases. 
2. The correct order of the oxides according to the bond 


length is : МО, < МО, < MO 
2. The correct choice is ©) 
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The 4 quantum numbers 

show that the last electron 

in this element atom 

exists in the sublevel 4f , 

consequently, element (9) is 

located in the 6™ period. 

*- Element (Y) is located in the same period of (X) and 
has the largest atomic size. 

-. Element (Y) is located in the gh period, group (1A). 

*- The electronic configuration of element (Y) which is : | 
[Хе], 6s! shows that its atomic number is 55 | 

. The correct choice is (c) 


Un 
r2 


`7 The atomic number of element (X) is less than both 
atomic numbers of (Y) and (Z). 

-. The choices (ъ) апа (с) are excluded. : 

*- The electron configurations of carbon and nitrogen аге : : 


6С : 152,25, 2p” 
7N è Is?, 252, 2p? 

-. The atom of ;N is more stable than that of „С , as it 
2p sublevel is half filled with electrons, so the loss o 


an electron from this half filled sublevel decreases it 
stability, hence its ionization potential is higher. 


-. The correct choice is (а) 


un 
uU 


15A : [Ne] , 352 ‚3р! 
*' The valence shell of aluminum contains 3 electrons. 


2. The fourth ionization potential of aluminum is much | 
higher than the third. | 


2. The correct choice is © 
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+ The third ionization potential of element X is much 
higher than the second. 

.. X is a divalent metal. 

++ Chlorine is a monovalent nonmetal. 

2. The formula of the compound produced from the 
combination of X with chlorine is ХСІ, 


-. The correct choice is (5) 


+: By increasing the atomic number, the electron 
affinity increases in the same period. 

г. The choices (b) and (©) are excluded. 

"7 The increase in the electron affinity in the same 
period is not regular. 

2. The choice (a) is excluded. 

2. The correct choice is (8) 


Xe) + Energy —e- X* +e 


"7 This equation represents the first ionization potential : 
(gained energy) of an element which must be higher ; 
than the difference in energy between the last energy : 
level (the valence shell) and the level Q which is the | 
last energy level in the heaviest known atom, as this | 
ionization potential (absorbed energy) is required to 
liberate the electron which is most loosely bound to 
the nucleus (the valence electron). 


2. The correct choice is (с) 


(1) * Number of electrons in chromium ion Сг?* in CrO = 22 electrons. 
* Number of electrons in chromium ion Cr+ in Cr; = 21 electrons. 


(2) The bond length in the formula unit of chromium (II) oxide is longer/ 
As its ionic radius increases by decreasing the positive charge, 
hence the bond length increases. 


| 
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( Answers of essay questions ) 


(1) S05, + HO) — HSO sao) 
(2) CO, + HjO(y — Н,С0, у 
CO) + 2NaOH ag) —> NajCO (aq) + НО, 
(3) K,0,, + H,O, — 2KOH 
(4) NaO + НО (у —> 2NaOH aq) 
(ог) NaO, + 2HCI 


(ag) 


(ag) —> 2NaCh-aq + НО, 
(5) Na,0,,) + 2HCl, a) 2NaCl aq) + H505 
(6) ZnO) + Н,50, ау —= ZnSO aq) + H2O 


ZnO) + 2Na20H ag) — Na,ZnO. 


a 


( 
зад) + НоО() 
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£3 (1) * Element (X) : [Ne] „352 ‚3р? 
* Element (Y) : [Ne] E 
(2) Element (Y) / As it is a metal, which tends to lose the electron of 
its valence shell forming a positive ion with the same electronic 
configuration of the nearest noble gas that precedes it 
in the periodic table. 
(1) Al,O, + 2NaOH ——- 2N2AIO, + H,O 
(2) А1,0, + 3H,SO, —> AL(SO,), + 3H;0 
As (O — Н) bond is stronger than (Cs — О) bond in cesium hydroxide, 
while (Cl = О) bond is stronger than (О — Н) bond in СІО,(ОН). 


Kf] (1) 3 atoms. 


(2) As when it dissolves in water, it yields a basic solution. 


(Answers of the higher-order questions ) 


Idea of answering 


It is obvious in the chart that the ionization potentials of 
the two elements (X) and (Z) are relatively high. 
2. The choices (a) and (c) are excluded. 
++ The electron configurations of the atoms of the two 
elements (Y) and (W) are : 
3Y: [He], 2s! р 
11W : [Ne], 3s | 
This shows that element (W) follows element (Y) directly | 
in their group (1A). 
^. The atom of element (W) loses its valence electron 
easier than the atom of element (Y). 


.. The correct choice is (d) 


(т: tlre ser OW - aS "eel 
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+» The mixture of the two oxides dissolves in water 
forming a neutral solution. 

. One of these oxides is acidic and the other is basic. 

у Na,O and MgO are basic oxides, while SO, and 
Р,О; are acidic oxides. 

2. The choices (b) and (d) are excluded. 

*: The two oxides are of elements of the third period, 
while nitrogen lies in the second period. 

-. The choice (а ) is excluded. 

2. The correct choice is © 


© From the hydroxy formula of the oxygenated acid 
which is shown in the opposite figure, o 
it is concluded that this element WM 
shares 6 electrons in the formation HO’ ‘OH 
of the bonds. 
2. The probable electronic configuration of 

the last principal level in M atom is : ns’, np* 
2. The correct choice is (с) 


The following table shows the oxygenated acid of each 
anion and its hydroxy formula : 


Negative 5 = 5 = 
Oxygenated 
H,SO, | HCIO, | HCIO, | НСО, 


"зане одон), соон сю,(он) | CIO. (OH) 


^ The strength of the oxygenated acid increases by 
increasing oxygen atoms nonbinded to hydrogen in it. 

“. HCIO} is the strongest oxygenated acid. 

2. The correct choice is © 


Scanned with CamScanner 


LE ——— —— Lesson Four aA 


| @ (а) > (O-H) bond is stronger than (O—M) bond. 
| 2. The compound is being ionized as а base. 
2. M* ion is an ion of a metal of s-block. 
-. The correct choice is (a) 
9" X/Mg) (Y /K) (Z/ AD 


* The order of the elements according to the metallic property is : 
(K» Mg» AI) 


Answers of Chapter 2 lesson Four ) 


(Answers of multiple choice questions ) 


( Answers of essay questions  ) 


(1) As it tends to gain or share one electron, and it has higher 
electronegativity than other elements. 
(2) Because the oxidation number of hydrogen in calcium hydride melt is -1 


(1) (i) +1 ii) — 1 
Q6) -1 (ii) - 2 
i. 
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[v] 
(3) (i) zero (ii) +7 
(4) @ +6 (ii) +4 
7-2 ee 3. 
dy ——- Bo 
Вг+ (2) 2-1 Br + (-2 x 3) =-2 
Вг= +1 Br = +4 
~~ oxidation € 
Bromine has been oxidized / As its oxidation number increased 
from +1 to +4 
+1 ? 2 
Sodium zincate Na,ZnO, 
(+1 x 2) + Zn + (-2 x 2) =0 
.7л=+4-2=+2 
" А 0 
HS Oxidation S 
+4 А 0 
50, Reduction S 
* The oxidizing agent is 50, 
* The reducing agent is Н,5 
2 0 
BOS ——-s (сто д” a” 
$22 S=0 Cr=+6 Сг= +3 
озы” ~~ Reduction 
* Reducing agent is H,S * Oxidizing agent is Cr,07 


(2) 6 electrons, and the source of these electrons is H,S 


(1) Element (D) / Electronic configuration : [Ar] , 4s? , зЁ 
Oxidation numbers : (+2 ,+3 ,+4 ,+5 ,+6,+7). 
(2) Element (А). 


(з) 
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@ (1) Anion: (NO _ 2) Cation: (NH,)* 
N+(-2x 3) =-1 | №+(+1 х4) =+1 
N=45 | М=-3 


(Answers of the higher-order questions ) 


Question 
| number 


Answer Idea of answering 


4H,SO, + 3H,S + K,Cr,0, —> 


TH,O + K,SO, + 35 + Cr(SO, 

* Obviously, the oxidation number of sulphur in : 

sulphate group (S07) does not change in any of its j 
compounds. 


2. It does not participate in the oxidation-reduction 
process. 

7. Sulphur of E, is exposed to an oxidation process. 

w 3HS — 38 
S=-2 S=0 ; 

2. No. of moles of sulphur atoms which are exposed to | 
oxidation is 3 | 


-. The correct choice is (b) 


(1) G) (w). (ii) (X). 
(2) 2 
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Answers of multiple choice questions 


Answers of the exam mo 


( Answers of essay questions  ) 


@) = The hydroxy formula of HIO is (ОН) 
* The hydroxy formula of HCIO, is ClO,(OH) 


z HCIO, is stronger / Because the strength of the oxygenated acid 
increases with increasing the number of oxygen atoms nonbinded to 


hydrogen in this acid. 


[22] It means that the distance between the centers of the nuclei of each of 
Na* and СГ ions which are combined in the formula unit of NaCl crystal 


equals 2.79 A 
€ „ле: [He], 222, 2р6 


uNa : [Ne], 35! 


* Due to the stability of the electronic system of neon and the difficulty 
of the separation of an electron from a completely filled energy level. 
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Answers of the exam of 


the Ministry of Educat 
Answers of the guiding 


the Ministry о] 
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Answers of the questions of 2020 exam 
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Question number | 21 


Answer a 


[22] Oxidation number of the element = +2 
Because the electronic configuration of the element ends with 
the sublevel ns?, so its atom tends to lose two electrons to give a positive 


ion that carries two positive charges. 


(23) Electron (X) / As the sum of (n + {у of 4f sublevel (4 3 7) of 
the electron (X) is higher than the sum of (n + у of 6s sublevel (6 + 0 = 6) 
of the electron (Y). 


@ (1) >> Number of elements of s-block = 12 elements. 
Number of elements of p-block = 36 elements. 
/. The difference between them = 36 — 12 = 24 elements. 
(2) Elements of f-block. 
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аше (1). 


0) У: 1:2, 202,200, 357, 3р0, 4s? , 308 
Number of completely filled orbitals = 1 + 1+3 + 1 +3 + 1 = 10 orbitals. 
Number of partially occupied orbitals = 3 orbitals. 


9-4.» 1),(ш,=-1) , (m, » +4), 


Qe: [Ar] ,4s? , 3d! 
The second set / As it represents the electron of 4s sublevel that occupies 


the 4^ energy level which is the farthest from the nucleus. 


©) (1) * Number of representative elements = 43 elements. 
Number of main transition elements = 40 elements. 
<. The difference between them = 43 — 40 = 3 elements. 
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Qa (2) (0) 


Ө NaCIO, / Where the oxidation number of chlorine = +5 


Ө A504, + 355044, ——® AL(SO 40, + 3HO 


Ө нао n= Zero 


(0 


[ennan | 1 | 2] 13 | 14 [15 [16 | 


аппап 
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[22] -> The electron configuration of element X ends with the sublevel 45! 
2. X is potassium j9K 
2. KOH is ionized as a base, as its atomic size is large, and its ion carries 
one positive charge, so its attraction to oxygen ion O?- decreases, and 
(O-H) bond becomes stronger than (К —O) bond, and hence negative 
hydroxide ion is formed. 
KOH — —. К? + OH 


@ The electrons are deflected towards the positive electrode / As they аге 


negatively charged. 


@) 4Cr : [Ar] ‚45! ‚3 jsMn : [Ar] , 45? , 3? 
Yes / Due to the similarity between chromium and manganese, 


where the atom is more stable when 3d sublevel is half filled 


with electrons. 
Ө (0.00: MgO e (Y): H,SO, 
(2) МЕО + H5SO4G) — MgSO,q + H50(p 
Compound (X) Compound (Y) Compound (Z) 


(26) Element (X) / As it requires to be excited to absorb an amount of energy 
sufficient for the electron to transfer from the lower energy level (n = 2) 


to the higher energy level (n = б). 
[27] (1) The bond length in the molecule of hydrogen chloride 
-r(H)4r(Cl) = 0.3 + 0.99 = 129 Å 


(2) The bond length in the formula unit of sodium chloride 
=r (Na*) + r (СГ) 20.95 + 1.81 2 2.76 А 
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@ The electronic configuration : 152,252, 2p% ‚357, 3р1 
Atomic number = 13 


(23) The electronic configuration of the element : [Ne] , 33? , 3p* 
-. The element is located in the third period, group бА (16). 


@) гап, 45 54^? , 4p? 
Ө V Zero. 


(2) Zinc (Zn) and sulphur (S) combine together to form zinc sulphide. 


Bond length in hydrogen molecule 


e Atomic radius of hydrogen = 3 


rH) - 9-03 À 


Atomic radius of nitrogen — 


Bond length in NH, molecule – Atomic radius of hydrogen 
r(N)=1-03=07A 
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Atomic radius of oxygen = 

Bond length in H,O molecule — Atomic radius of hydrogen 
r (0) 20.96 - 0.3 = 0.66 А 

Bond length in NO molecule = 

Atomic radius of nitrogen + Atomic radius of oxygen 

r (N) +r (0) 20.7 + 0.66 = 1.36 Å 


(27) (1) The atomic numbers of these elements. 
(2) All of them are metalloids. 


[22] Bromine : — 324.5 
lodine ; - 295 


© Each principal energy level consists of a number of energy sublevels 
equals its number (n value = Number of ¢ values). 
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@ (1) Dalton's theory. 
(2) Compounds are formed by the combination of atoms of different 
elements in a simple numerical ratio. 


€ Rb,0,,) + HO) —> 2RbOH ag) 


e (1) The electronic configuration : /s? , 252, 2p° , 3s? , 3p! 
-. The atomic number = 13 


(2) Group number 3A (13). 


Q0 - 12-066 
г(Н) =0.96 -0.66 20.3 А 
2r(H) 22x03 206 À 
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@ The orbital. 


Ө Because the values of the electron affinity of these elements are nearly 
zero, where the atom becomes more stable when the sublevels : 
• Js , 2s , 3s are completely filled as in He , Be , Mg 
* 2p , 3p are completely filled as in Ne , Ar 
e 2p is half filled as in N 
And adding a new electron to any of these atoms decreases its stability. 


@ @ (в) and (С). 


(2) The charge of the nucleus is similar to the charge of positive 
alpha particles, so it repels them on approaching to it. 


Ө 0 +50, oxide. eu 
+ Oxidation number :SO, , S+(-2x2)=0 , „$=+4 
(2) * CLO oxide. : 


+ The equation : СО + H,O —— 2HCIO 


Ct Ol YeleY OW - reae - polo! 
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@ Zero / As potassium is among the elements of group (1A), where 


the oxidation number of апу metal in this group in its compounds = +] 


e 2 electrons. 


e No/ Because the ionization potential of phosphorus Р is higher than that 
of sulphur 69 despite the fact that it precedes sulphur in the same period. 
y? : [Ne] , 35? , 3p? 

168: [Ne] 38, 3p? 
This is because the atom is more stable when 3p sublevel is half filled 


as in case of phosphorus, so removing an electron from this atom 


decreases its stability. 


@ О / s-block. 


Ө отоо, 
Q) H,0 
(3) K,CO, 
(2) The oxygenated acid : H,CO, 
The hydroxy formula : CO(OH), 


8-1 , m=2 


@ wma -c Q1-1 
G) Br - Br (4) F-F 


2) r (H) + r (CI) = 0.3 + 0.99 = 1.29 Å 


[50] 
— 08. ——. 
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@xa, 
® Sulphuric acid H,SO 4 / As it is more active, where the number of 


oxygen atoms nonbinded with hydrogen in sulphuric acid SO,(OH), 
is higher than in СІО(ОН), 


Number of the representative elements in the first period = 1 element. 
Number of the representative elements in the second period = 7 elements. 
The difference between them = 7 – 1 = 6 elements. 

Bw ss! (2) Is? ‚257 , 2p? 
(2) Zero. 
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@) а) Dalton's theory. 
(2) The element is composed of very minute particles called atoms. 


Question number 


Answer 


@ 77 The electronic configuration of the element ends with 3p* sublevel. 

-. The element is located in the third period, group 6A (16). 
@х:17 22 256, 35! 

Y: Is? ‚257 , 2p , 35? , 3pf 

Z: 1s? , 2s? , 2p9, 35? ‚3рб , 4s? 

Element X / Because this results in breaking a completely filled energy level. 
@) Sulphuric acid : SO,(OH), 

Sulphurous acid : SO(OH), 

2. Sulphuric acid is more acidic / As the strength of the oxygenated acid 


increases by increasing the number of nonbinded oxygen atoms 
with hydrogen. 
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Ө (1) nis sheet 
Source of Alpha particles = ate ig 
alpha icles to detect number 
ы of alpha particles 
Metal sheet 


(2) The reading of the sensitive instrument decreases. 


r (H) = 1.29 -0.99 20.3 А 

2r (H,)=2 x 0.3 =0.6 Å 

rN)=1-0.3=0.7Å 

2r(N) 22x07 14À 

2. Bond length in nitrogen molecule (N,) is longer than that in hydrogen 


molecule (H5). 


Өс :451,3Ф cu: 454 , 3410 


Answers of exam model 


Scanned with CamScanner 


@ d-block. 
(23) HO 


(24) Acid (3) > Acid (1) > Acid (2). 


O mgou | Senders | 
[mememe | „мз | 36 | 


Type of Representative Noble 
elements elements elements 


0 РУР +5 +1 В -l 
e p Oxidation H,PO, ‚ HCIO Reduction, HC] 
Reducing agent: Р , Oxidizing agent : HCIO 


Ө (1) The electronic configuration : 1s” , 257 , 256 , 3s? , 3p , 4s? , 3d! , 4p? 


Number of completely filled orbitals = 1+1+3+1+3+1 + 5 
= 15 orbitals. 
(2) 3 electrons. 
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Question number 


Answer 


Question number | 21 


Answer a 


[2] No / Due to the similarity of the two electrons of 7з sublevel in all four 
quantum numbers. 


Өм: 22,22, 2р, зх! 
Because ће second ionization potential of the element М is very high, 
where it causes breaking of a completely filled energy level. 


(24) 45 — Reduction =. a Oxidation 0 
(Clo, ——— сг , Fw. р, 
Oxidizing agent : (CIO4) Reducing agent : I 


(25) Figure (2) / Bohr. 


[26] (1) * The electronic configuration : Js? , 2s? , 2р? 
* The location : Second period, group 5A (15). 
(2) p-block. 


@ (1) 29 elements. 
(2) [Ar] , 4s? , 34/0 , 45? 


[55] 
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@ Because p sublevel contains three orbitals, each orbital is filled with 
2 electrons. 


@ сө: [лл 45°, заб 


-. Number of unpaired electrons : 4 electrons. 


@ Representative, main transition, inner transition and noble elements. 


[25] (1) Dalton's theory. 
(2) Masses of the atoms of the same element are similar, but they differ 
from an element to another. 
e (1) First ionization potential. 
(2) Used in detecting invisible alpha — where it flashes when these 
particles collide with it. 
Ө а) -- The hydroxy formula of the acid : РО(ОН), 
г. Number of nonbinded oxygen atoms with hydrogen in this acid = 1 
(2) 3MgO + 2H,PO, ——- Mg,(PO,), + 3H,0 


[56] 
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@таг)+г(Сг)=048+181=249 Å 


© Yes / As the cathode rays move in straight lines. 


© B. C and D / Because the excited electron transfers in the atom from 
higher energy level to lower energy level (its ground state). 


Qu 0» (2) 46 


© tt) - Compound (Y) : 2150, 
£. The electronic configuration of the cation Zn?* : [Ar] , 34? 
(2) Sodium zincate, 


Qmosa:lso , m,=0 
Саве (2):1=1 , m =o 
l 
(2)п=]1 


all 
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@ d-block. 


Ө) ~ Sublevels : 5s , 5р, 5d , 57 
2. Number of orbitals = 1 + 3 + 5 + 7 = 16 orbitals. 


@) 717% H) : 92.3% (С) 
As the proportions (ratios) of the components of the compound 
remain constant, no matter how different its mass, according to 


Dalton’s postulate. 


[25] (1) Perbromic acid (BrO,(OH)) is stronger than hypobromous acid 
(BrOH), as the strength of the acid increases by increasing the number 


of nonbinded oxygen atoms with hydrogen. 
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2-2 

2) HBro , 1+Br-2=0 г. Вг= +1 
+1? 2 
НВгО, , 1+ Вг+ (-2x4)20 2 Вг= +7 


@ (1) The electronic configuration of the element (C) : [Ne] , 3. s? ‚3р! 
The quantum numbers of the last electron in the atom of the element (D) 
iss ЕТ. m,-0 Д m =+} 

() Ej0, + 3H,0 ——> 2H,EO, 
@ (1) Because increasing the number of positive protons more than 


that of negative electrons results in increasing the nucleus effective 


charge leading to decreasing the size of the ion. 
(2) Са: 182, 2s”, 2рб, 357, 3p°, 452 
Number of orbitals = 1 + 1 +3 + 1 +3 + 1 = 10 orbitals. 


Scanned with CamScanner 


Ө (1) 7A (17) / Because the 8 ionization potential of 
element (Y) is much higher than its 7% ionization potential. 


(2) (X) : 182, 2s? , 2p6 , 3s? , 3p* 
@ (1) Dalton's theory. 


(2) Compounds are formed by the combination of atoms of 


different elements in simple numerical ratios. 


Ө а) ves. 
(2) Alpha particles : Are deflected slightly towards the negative 
electrode. 
Beta particles : Are deflected significantly towards the positive 
electrode. 


©) Symbol : f 
Block : p 


(26) Ses) +e — > See +Energy , AH=(-) 


Ө) „си*: [Ar] , 34/0 
3oZn^* : [Ar] ‚ 3410 
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